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Tue subject of “ Stability of Aéroplanes”’ is too broad to 
permit of a discussion of all of its phases in one evening. I 
shall, therefore, confine myself more particularly to a few phases 
of the fore-and-aft or longitudinal equilibrium. Although in 
learning to fly the beginner finds most difficulty in mastering the 
lateral control, it is his lack of knowledge of certain features of 7, 
the fore-and-aft equilibrium that leads to most of the serious 
accidents, These accidents are the more difficult to avoid be- 
cause they are due to subtle causes which the flyer does not at 
the time perceive. 

A flying machine must be balanced in three directions: about 
an axis fore and aft in its line of motion, about an axis extending 
in a lateral direction from tip to tip of the wings, and about a LE 
vertical axis. The balance about the lateral axis is referred to 
as fore-and-aft or longitudinal equilibrium; that about the fore- 
and-aft axis: as lateral equilibrium, and that about the vertical : 
axis is generally referred to as steering, although its most im- 
portant function is that of lateral equilibrium. 

* Presented at the stated meeting of the Institute held Wednesday, May 20, 
1914, when Dr. Wright received the Institute’s Elliott Cresson Medal in recog- 
nition of the epoch-making work accomplished by him in establishing on a 


practical basis the science and art of aviation. 


[Note.—The Franklin Institute is not responsible for the statements and opinions advanced j 
by contributors to the JOURNAL.) 
Copyright, 1914, by THE FRANKLIN INSTITUTE 
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If the centre of support of an aéroplane surface would re- 
main fixed at one point, as is practically the case in marine vessels 
and in balloons and air-ships, equilibrium would be a simple 
matter. But the location of the centre of pressure on an aéro- 
plane surface changes with every change in the angle at which 
the air strikes the surface. At an angle of go degrees it is located 
approximately at the centre of the surface. As the angle becomes 
less, the centre of pressure moves forward. On plane surfaces 
it continues to move forward as the angle decreases until it 
finally reaches the front edge. But on cambered surfaces the 
movement is not continuous. After a certain critical angle of 
incidence is reached, which angle depends upon the particular 
form‘of the surface, the centre of pressure moves backward with 
further decrease in angle until it arrives very close to the rear 
edge. At angles ordinarily used in flying, angles of 3° to 12°, the 
travel of the centre of pressure is in this retrograde movement 
and is located, according to the angle of incidence, at points be- 
tween 30 per cent. and 50 per cent. back of the front edge of the 
surface. The location of the centre of pressure on any given 
surface is definitely fixed by the angle of incidence at which the 
surface is exposed to the air. 

The placing of the centre of gravity of the machine below 
its centre of support appears, at first glance, to be a solution of 
the problem of equilibrium. This is the method used in main- 
taining equilibrium in marine vessels and in balloons and air- 
ships, but in flying machines it has the opposite of the desired 
effect. If a flying machine consisting of a supporting surface, 
without elevator or other means of balancing, were descending 
vertically as a parachute, the centre of gravity vertically beneath 
the centre of support would maintain its equilibrium. But as 
soon as the machine begins to move forward the centre of press- 
ure, instead of remaining at the centre of the surfaces, as was 
the case when descending vertically, moves toward that edge of 
the surface which is in advance. The centre of gravity being 
located at the centre of the surface and the centre of pressure 
in advance of the centre of the surface, a turning moment is 
created which tends to lift the front of the machine, thus expos- 
ing the surfaces at a larger angle of incidence and at the same 
time to a greater resistance to forward movement. The momen- 
tum of the machine, acting through its centre of gravity below 
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the centre of forward resistance, combines with the forward 
centre of pressure in causing the surface to be rotated about its 
lateral axis. ‘The machine will take an upward course until it 
finally comes to a standstill. The rear edge of the surface will 
now be below that of the front edge and the machine will begin 
to slide backward. The centre of pressure immediately reverses 
and travels towards the rear edge of the surface, which now in 
the backward movement has become the front edge. The centre 
of gravity again being back of the centre of pressure, the ad- 
vancing edge of the surface will be lifted as before, and the 
pendulum effect of the low weight will be repeated. A flying 
machine with a low centre of gravity, without rudders or other 
means to maintain its equilibrium, will oscillate back and forth 
in this manner until it finally falls to the ground. 

It will have been observed from the foregoing that the equi- 
librium in the horizontal plane was disturbed by two turning 
moments acting about the lateral horizontal axis of the machine; 
one produced by the force of gravity and the lift of the surface 
acting in different vertical lines, and the other by the centre of 
momentum and the centre of resistance acting in different hori- 
zontal lines. 

It is evident that a low centre of gravity is a disturbing 
instead of a correcting agent. The ideal form of flying machine 
would be one in which the centre of gravity lies in the line of the 
centre of resistance to forward movement and in the line of 
thrust. In practice this is not always feasible. Flying machines 
must be built to land safely as well as to fly. A high centre of 
gravity tends to cause a machine to roll over in landing. A com- 
promise is therefore adopted. The centre of gravity is kept high 
enough to be but a slight disturbing factor in flight and at the 
same time not so high as to interfere in making safe landings. 

The three forces acting on an aéroplane in the direction of 
its line of motion are the thrust of the propellers, the momentum 
or inertia of its weight, and the resistance of the machine to 
forward travel. If travelling in any other than a horizontal 
course, a component of gravity in the line of motion will have 
to be reckoned with. When these forces are exerted in the same 
line, with the centres of thrust and momentum acting in the 
opposite direction to that of the centre of resistance, a variation 
in the quantity of any one, or of all, of these forces will not in 
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itself have a disturbing effect on the equilibrium about the lateral 
horizontal axis. But these forces in the ordinary flying machine 
do not act in the same line. Usually the centre of thrust is high 
in order to give proper clearance between the propellers and the 
ground; the centre of gravity is low to enable the machine to 
land without danger of being overturned; and the centre of 
resistance is usually between the centres of thrust and gravity. 
When a flying machine is travelling at uniform speed the pro- 
pelling forces exactly equal the resisting forces. In case the 
thrust of the propellers is diminished by throttling the motor, 
the momentum of the machine acting below the centre of resist- 
ance carries the lower part of the machine along faster than the 
upper part, and the surfaces thus will be turned upward, produc- 
ing a greater angle and a greater resistance. The same effect 
is produced if the machine be suddenly struck by a gust of wind 
of higher velocity from in front. The thrust of its propellers 
will be temporarily slightly decreased, the resistance due to the 
greater wind pressure will be increased, and the momentum of 
the machine (the centre of gravity being low) will in this case 
also turn the surfaces upward to a larger angle. While these 
variations in the forces acting in the horizontal line have of 
themselves a certain amount of disturbing effect, yet it is from 
the changes of incidence which they introduce that one en- 
counters the greatest difficulty in maintaining equilibrium. 

The two principal methods used in preserving fore-and-aft 
equilibrium have been, first, the shifting of weight so as to keep 
the centre of gravity in line with the changing centre of lift; 
and, second, the utilization of auxiliary surfaces, known as ele- 
vators, to preserve the position of the centre of pressure in line 
with a fixed centre of gravity. The first method has been 
found impracticable on account of the impossibility of shifting 
large weights quickly enough. The second method is that used 
in most of the flying machines of to-day. 

Flying machines of this latter type should have their auxiliary 
surfaces located as far as possible from the main bearing planes, 
because the greater the distance the greater is the leverage and 
consequently the smaller the amount of surface required. The 
auxiliary surfaces are usually placed either in front or in the 
rear of the main supporting surfaces, since they act with greater 
efficiency in these positions than when placed above or below. 
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With a view to high efficiency, no part of either the main 
surfaces or the auxiliary surfaces should be exposed on their 
upper sides in a way to create downward pressures. One pound 
of air pressure exerted downward costs as much in propelling 
power as two pounds of downward pressure produced by actual 
weight carried. This is due to the fact that the total pressure 
on an aeroplane is not vertical, but approximately normal to the 
plane of the surface. This pressure may be resolved into two 
forces, one acting in a line parallel with the direction of travel, 
and the other at right angles to the line of travel. One is termed 
“lift” and the other “ drift.” With a given aéroplane surface, 
the drift and lift for any given angle of incidence always bear a 
definite ratio to one another. This ratio varies from 1 to 12 to 
1 to 1, according to the angle of incidence and the shape of the 
surface. On an average it is about 1 to 6, so that the thrust 
required of the propeller in the ordinary flying machine is ap- 
proximately one-sixth of the weight carried. When travelling 
on a horizontal course the lift is vertical and is exactly equal to 
the total weight of the machine and load. This load may be 
real weight, or it may be partly real weight and partly down- 
ward pressures exerted on parts of the surfaces. For every 
pound of weight carried, a thrust of approximately one-sixth 
pound is required. If, however, instead of real weight a down- 
ward air pressure is exerted on some part of the machine, this 
downward pressure must be overcome by an equal upward pres- 
sure on some other part of the machine, to prevent the machine 
from descending. In this case the horizontal component of the 
one pound downward pressure will be about one-sixth pound, 
and the horizontal component of the compensating upward pres- 
sure also will be about one-sixth pound, making a total of one- 
third pound required in thrust from the propellers, as compared 
with one-sixth pound thrust required by one pound actual weight 
carried. It is, therefore, evident that the use of downward air 
pressures in maintaining equilibrium is exceedingly wasteful. 
and, as far as possible, should be avoided. In other words, when 
the equilibrium of an aéroplane has been disturbed, instead of 
using a downward air pressure to depress the elevated side an 
upward pressure should be utilized to elevate the low side. The 
cost in power is twice as great in one case as in the other. 

The dynamically less efficient system of downward air pres- 
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sures is used to some extent, however, on account of its adapta- 
bility in producing more or less inherently stable aéroplanes. An 
inherently stable a€roplane may be described as one in which 
equilibrium is maintained by an arrangement of surfaces, so that 
when a current of air strikes one part of the machine, creating 
a pressure that would tend to disturb the equilibrium, the same 
current striking another part creates a balancing pressure in the 
opposite direction. This compensating or correcting pressure is 
secured without the mechanical movement of any part of the 
machine. 

The first to propose the use of this system for fhe fore-and-aft 
control of aeroplanes was Penaud, a young French student, who 
did:much experimenting with model aéroplanes in the 70's of 
the last century. His system is used only to a slight extent in the 
motor-driven aeroplanes of to-day, on account of its wastefulness 
of power and on account of its restriction of the manceuvring 
qualities of the machine. 

Penaud’s system consists of a main bearing surface and a 
horizontal auxiliary surface in the rear fixed at a negative angle 
in relation to the main surface. The centre of gravity is placed 
in front of the centre of the main surface. This produces a 
tendency to incline the machine downward in front, and to cause 
it to descend. In descending the aéroplane gains speed. The 
fixed surface in the rear, set at a negative angle, receives an 
increased pressure on its upper side as the speed increases. This 
downward pressure causes the rear of the machine to be de- 
pressed till the machine takes an upward course. The speed is 
lost in the upward course, the downward pressure on the tail is 
relieved, and the forward centre of gravity turns the course again 
downward. While the inherently stable system will control a 
machine to some extent, it depends so much on variation in 
course and speed as to render it inadequate to meet fully the 
demands of a practical flying machine. 

In order to secure greater dynamic efficiency and greater 
manceuvring ability, auxiliary surfaces mechanically operable are 
used in present flying machines instead of the practically fixed 
surfaces of the inherently stable type. These machines possess 
the means of quickly recovering balance without changing the 
direction of travel and of manceuvring with greater dexterity 
when required. On the other hand, they depend to a greater 
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extent upon the skill of the operator in keeping the equilibrium. 
it may be taken as a rule that the greater the dynamic efficiency 
of the machine and the greater its possibilities in manceuvring, 
the greater the knowledge and skill required of the operator. 

If the operator of a flying machine were able to “ feel” ex- 
actly the angle at which his aéroplane meets the air, ninety per 
cent. at least of all aéroplane accidents would be eliminated. It 
has been the lack of this ability that has resulted in so large a toll 
of human lives. Instruments have been produced which indi- 
cate closely the angle of incidence at which the machine is flying, 
but they are not in general use. Nor does the average flyer 
realize how exceedingly dangerous it is to be ignorant of this 
angle. Most of the flyers are aware that “ stalling” is danger- 
ous, but do not know when they really are “ stalling.” 

A flying machine is in great danger when it is flying at its 
angle of maximum lift. A change either to a smaller or a larger 
angle results in a lesser lift. There is this important difference, 
however, whether the angle be increased or decreased. While a 
smaller angle gives less lift, it also has less drift resistance, so 
that the machine is permitted to gain speed. On the other hand, 
the larger angle gives not only less lift but encounters a greater 
resistance, which causes the speed of the machine to be rapidly 
checked, so that there is a double loss of lift—that due to angle 
and that due to a lesser speed. 

The maximum lift is obtained in most flying machines at some 
angle between 15° and 20°. If the machine be gliding from a 
height with the power of the motor throttled or entirely turned 
off, and the operator attempt to turn it to a level course, the 
speed of the machine will soon be reduced to the lowest at which 
it can support its load. If now this level course be held for even 
only a second or two, the speed and the lift will be so diminished 
that the machine will begin to fall rapidly. 

The centre of pressure on a cambered aéroplane surface at 
angles greater than 12° to 15° travels backward with increase of 
angle of incidence, so that when a machine approaches the 
“ stalled ” angles the main bearing surfaces are generally carrying 
practically all of the weight and the elevator practically none at 
all. Under these conditions the main surfaces fall more rapidly 
than does the rear elevator. The machine noses downward and 
plunges at an exceedingly steep angle toward the earth. This 
Vor. CLX XVIII, No. 1065—19 
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plunge would tend to bring the machine back to normal speed 
quickly were the machine flying at its usual angle of incidence. 
But at the large angles of incidence the drift’ is a large part of 
the total pressure on the surfaces, so that, although plunging 
steeply downward, speed is recovered but slowly. The more the 
operator tries to check the downward plunge by turning the ele- 
vator, the greater becomes the angle of incidence, and the greater 
the forward resistance. At ordinary stalled angles the machine 
must descend at an angle of about 25° with reference to the 
horizontal in order to maintain its speed. If the speed be already 
below that necessary for support, a steeper angle of descent will 
be required, and considerable time may be consumed before sup- 
porting speed can be recovered. During all this time the ma- 
chine is plunging downward. If the plunge begins at a height 
of less than two or three hundred feet, the machine is likely to 
strike the ground before the speed necessary to recover control is 
acquired. 

The danger from “ stalling” comes in the operator attempt- 
ing to check the machine’s downward plunge by turning the main 
bearing surfaces to still larger angles of incidence, instead of 
pointing the machine downward, at’a smaller angle of incidence, 
so that the speed can be recovered more quickly. It is safe to 
say that fully 90 per cent. of the fatal accidents in flying are due 
to this cause. Most of the serious ones occur when, after long 
glides from considerable heights, with the power of the motor 
reduced, an attempt is made to bring the machine to a more level 
course several hundred feet in the air. The machine quickly 
loses its speed and becomes “ stalled.’ All of us who have seen 
the novice make a “ pancake” landing have seen the beginning 
of a case of “ stalling ” which might have been fatal had it taken 
place at a height of one or two hundred feet. 

The greatest danger in flying comes from misjudging the 
angle of incidence. If a uniform angle of incidence were main- 
tained, there would be no difficulty in fore-and-aft equilibrium. 
As has already been stated, for any given surface and any given 
angle of incidence the position of the centre of pressure is fixed. 
Under these conditions, if the centre of gravity were located to 
coincide with the centre of pressure and a uniform angle of inci- 
dence maintained, the machine would always be in equilibrium. 

It is in accordance with this principle that experiments the 
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past year have brought about a considerable advance in the devel- 
opment of automatic stability. A small horizontal wind vane 
is so mounted on the machine as to ride edge-wise to the wind 
when the machine is flying at the desired angle of incidence. In 
case the machine varies from the desired angle, the air will strike 
the vane on either its upper or lower side. The slightest move- 
ment of the vane in either direction brings into action a powerful 
mechanism for operating the controlling surfaces. 

If the wind strikes the vane on the under side, as would be the 
case when the machine takes a larger angle of incidence, the 
elevator is turned to cause the machine to point downward in 
front till the normal angle is restored. If the air strike the vane 
from above, a smaller angle of incidence is indicated, and an 
opposite action on the elevator is produced. In this system no 
particular angle of the machine with the horizontal is maintained. 
It is the angle at which the air strikes the aéroplane surface that 
is important. If the vane is set at an angle of 5° with the main 
supporting surfaces, and the machine is travelling on a level 
course, increasing the power of the motor will cause it to begin 
taking on more speed. But as the lifting effect of an aéroplane 
surface is the product of two factors—its speed and its angle of 
incidence—any increase in speed will produce a greater lift and 
cause the machine to rise. The machine will now be turned up- 
ward, with the surfaces meeting the air at an angle of 5°. On 
the contrary, if the power of the motor be reduced or entirely 
turned off, the machine will immediately begin to decrease in 
speed, requiring a larger angle of incidence for support. But 
as soon as the angle begins to increase the air will strike the 
regulating vane on the underside and the elevator will be turned, 
pointing the machine downward till the component of gravity in 
the direction of travel becomes sufficient to maintain the normal 
speed. In this case the planes will be inclined downward with 
reference to the horizontal. It is evident that a machine con- 
trolled by regulating the angle of the machine with reference to 
the impinging air is not liable to the dangers of “ stalling” al- 
ready described. 

Several other methods of maintaining fore-and-aft - equi- 
librium automatically have been proposed. One utilizes the 
force of gravity acting on a pendulum or a tube of mercury; the 
other, the gyroscopic force of a rapidly revolving wheel. In both 
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of these systems the angle of the machine is regulated with ref- 
erence to the horizontal, or some other determined plane, instead 
of with the angle of the impinging air. 

In the case just referred to, in which the power of the motor 
was suddenly turned off while travelling on a level course, with 
these systems, the planes would be maintained at their original 
angle with the horizontal without any regard to the angle of 
incidence. The machine would continue forward till, through the 
loss of momentum, its speed would become so reduced and its 
angle of incidence so great that it would be exposed to the dangers 
ef diving. 

The pendulum and mercury tube have other serious faults 
which render them useless for regulating fore-and-aft equilib- 
rium. If the machine suddenly meet with a greater resistance to 
forward travel, either as a result of change in direction or of 
meeting a stronger gust of wind from in front, and its speed be 
ever so slightly checked, the pendulum will swing forward and 
instead of turning the machine downward, so as to maintain the 
normal speed, will cause the machine to be inclined upward in 
front and thus further increase its forward resistance. 

The pendulum has proved itself an exceedingly useful device, 
however, in regulating the lateral stability of aéroplanes. In 
this case the effects of momentum and centrifugal force act on 
the pendulum in the proper direction to produce desired results. 

I believe the day is near at hand when the flyer will be almost 
entirely relieved of the work of maintaining the equilibrium of 
his machine, and that his attention will be required only to keep- 
ing it on its proper course and in bringing it safely in contact 
with the ground when landing. 


Wild Silk from Mexico. ANon. (Bull. Imp. Inst., xii, 45.)— 
Wild silk is obtainable in large quantities in the States of Vera Cruz 
and Oaxaca, where the Indians use it for rope-making. The sample 
examined consisted of a flat, loosely-spun, web-like nest, of 12 
inches by 18 inches. The web amounting to 24 per cent. of the 
whole sample, when separated as far as possible from extraneous 
matter and degummed by boiling soap solution, yielded a gray to 
grayish-brown silk of good lustre and strength. It is unlikely that 
the material could be used commercially, owing to the low yield 
of degummed silk (about 10 to 15 per cent.) and the difficulties of 
cleaning and carding. 
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THE SCREW PROPELLER: WITH SPECIAL REFER- 
ENCE TO AEROPLANE PROPULSION.* 


BY 
W. F. DURAND, 


Professor of Mechanical Engineering, Leland Stanford, Jr., University. 


(1) INTRODUCTORY. 


Tue fundamental problem of propulsion is the development 
of a propulsive force (thrust or pull). This may be viewed 
in two ways, according as we focus our attention on the medium 
acted upon (air or water) or on the agent (blade, oar, or float). 

Fixing our attention on the medium, we remember that, ac- 
cording to Newton’s laws of motion, force is required to accel- 
erate the motion of matter, and to every action there is an equal 
and opposite reaction. To develop a propulsive thrust it will there- 
fore be sufficient to lay hold of a certain amount of matter and 
give to it an accelerated motion directed aft, or with a com- 
ponent so directed. This will require the exhibition of a force 
directed in the line of the acceleration. The resultant reaction, 
equal and opposite in direction, will be a force acting forward 
or with a forward component, and hence available as a propulsive 
thrust. 

Thus a Gatling gun firing bullets over the stern of a boat, a 
boy throwing stones, or a pump throwing water are all ways of 
producing a propulsive thrust, though differing from those com- 
monly employed. 

Again fixing our attention on the agent, we assume a body B 
of some appropriate form (a propeller blade, an oar, or a float) 
to move relative to the boat or aéroplane through a mobile but 
resisting medium, such as water or air. We know by the laws 
of mechanics and still better by common experience that such 
motion will meet with a resistance manifested as a force acting 
from the medium to the body and causing a redistribution of the 
fluid pressure over the surface. This redistribution of surface 
pressure, constituting as it does a system of elementary forces, 

*The substance of two lectures delivered before the students at the 
U. S. Army Aviation School, San Diego, California, and communicated by 
Lieut.-Col. Samuel Reber. 
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will have a single definite resultant R, and this resultant will have 
a component Q along the line of relative motion, constituting 
a resistance to such motion and calling for the expenditure of 
work in order to sustain it. 

The total resultant R as noted represents the distributed sys- 
tem of forces acting on the body B. But the body B is in effect 
a part of the boat. Hence the boat will be acted on by way of 
the same force R acting along the connection between B and the 
boat and constituting an external push to which the boat will 
respond in such manner as may be determined by other con- 
ditions. Thus there may be a number of such forces R, as from a 
number of propeller blades or a number of paddle-wheel floats, 
and ‘these will have some one final resultant, and this will con- 
stitute a propulsive thrust or pull in answer to which the boat will 
move along the line of such force, ultimately at a speed which 
will develop a resistance exactly equal and opposite to the pro- 
pulsive force. 

Thus, in brief, the propulsive blade or body is so moved 
through a resisting medium (such as air or water), and under 
such geometrical conditions as to form and direction of motion, 
that the resistance opposed to the motion will give a reaction 
having a component directed forward, and hence available as a 
propulsive thrust or pull. 

In dealing with practical problems it is necessary to be able 
to connect up the dimensions and conditions of operation of the 
propeller with the propulsive force produced. With the first 
method of consideration this would require, corresponding to any 
stated size and form of blade and conditions of operation, a 
knowledge of just how much water or air the propeller lays hold 
of, and what acceleration is produced in its motion. With the 
second method of consideration it would require, corresponding 
to any stated size and form of blade and conditions of operation, 
a complete and detailed knowledge of the amount and distribution 
of pressure over the surface of the blade. 

Actually, neither of these results can be determined by purely 
theoretical analysis. This simply means that our knowledge of 
the laws of hydro or aérodynamics is not sufficient to deduce 
from the form of the agent (blade or vane) and the conditions 
of motion either the resulting reaction on the agent or the de- 
tailed result on the water or air. We may, however, develop 
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important relations between these various quantities, thereby 
laying a foundation for the application of experimental research 
to the solution of practical problems. 


(2) PROPELLER ACTION FROM CONSIDERATION OF RESULTS ON 
MEDIUM. 


Thus for the first method of consideration: 


Let v=velocity of craft forward in f.s. 
u = final velocity of air aft in f.s.=total change in velocity of air. 
w= final velocity of air transversely in f.s. 
mu —= velocity of flow of air aft to meet propeller. 
A= dise area in square feet or area of column of air acted on. 
go — density in pounds per cubic foot. 
“= thrust developed in pounds. 
e = efficiency. 


The total velocity of flow of air to the propeller is v + mu, 
and the total mass of air acted on will therefore equal 
(vu + mu) Ao. 

Then by the principles of mechanics we have as follows: 


gt (v + mu)Aou 
g 


T 


We now recognize four components of the total work as 
follows: 

(1) The useful work Tv, 

(2) The work carried away by the residual sternward velocity 
of the water u. 

(3) The work carried away by the residual transverse or 
rotational velocity of the water w. 

(4) The work carried away by and absorbed in turbulence. 

These take values as follows: 
(v + mu) Acuv 

g 


Useful work = Tv = 


Work involved in residual velocity of air u is 


(2 + mu)Aou* a Tu 
2g 2 


Work involved in residual velocity of air w is 


(0+ mu)Aow! _ Tut 
2g 2u 
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For the present purpose we may assume the work absorbed 
in turbulence plus the work involved in the rotational velocity w 
to be related to the energy relative to the residual velocity 
by a factor f. 


Then the total lost work will be 


GA+tf@+mujAow® _ Tir + flu 


2g - 
Hence efficiency 
Tv v 
pak ne enn 6 56 ede ve ceeees (3) 
+7 ths + Ut Se 


or efficiency 


“ED® 


For various values of f and of ~ we have efficiencies as 


follows : 
Values of f 

u 

v 
5 1.0 1.5 2.0 2.5 3-5 3-5 4.0 
.20 .870 833 -800 -769 -741 -714 -690 .667 
30 -816 -769 -727 .690 -656 -625 -597 571 
.40 -769 -714 .667 -625 .588 556 -526 .500 
.50 727 .667 615 571 -533 .500 471 -444 
.60 -690 .625 571 .526 .488 -455 .426 .400 
.70 -656 598 533 .488 -449 417 388 364 
80 | 625 596 $00 455 417 384 387  -333 
.90 -597 -526 471 -426 -388 +357 331 .308 
1.00 571 .500 -444 -400 -364 -333 -308 -286 


Table Giving Values of Efficiency. 


(3) RELATION OF SPEED, POWER, THRUST. 


It is often necessary to use the relations between speed, power, 
and thrust or pull on the propeller shaft. These may be de- 
veloped as follows: 
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Tv = thrust work in f.p.s. 
Tv + 550 = thrust horsepower= W 


Whines T = sso 


Again let zs = speed in m.h. 

Then 1 m.h. = §280 + 60 f.m. = 88 f.m. = 1.47 f.s. 

Then 88 z = speed in f. m. 

and T = 33000 W _ 375 W 
88 z 2) 


For W =1 we have table as follows, giving thrust in pounds 
per thrust horsepower at varying speeds in miles per hour: 


T Z T 
18.75 65 5:77 
15.00 70 5.36 
12.50 75 5.00 
10.71 80 4.69 

9.38 85 4.41 
8.33 4.16 
7.00 3.95 
6.82 3.75 
6.25 3.57 


With chain transmission between engine and propellers, and 
including the losses in transmission, the overall efficiency be- 
tween the engine and the useful work of propulsion will not 
usually exceed 50 to 60 per cent. With direct connection as in 
the typical monoplane the overall efficiency may range some 
10 per cent. higher. Hence the thrust per engine horsepower 
may be expected to range from .5 to .7 these values. 


Illustrative Problem: 


i.h.p. =80 

th.h.p. = 45 

Speed = 60 m.h. 

Then T =6.25 x 45 = 281.25 

In equation (1), section (2) let m=.5 and u=.30v 

Then v= 60x 1.47 = 882 f.s., and n= .30 x 88.2= 26.46 f.s. 
Then substituting in (1) we find 


. 28 X 32.16 X 13.16 - 
101.43 X 26.46 


49.68 


or D 7.95 feet=8 feet approximately. 
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Note may here be made of the difference between the thrust 
when stationary and when moving in free flight, both with a 
given engine torque. 

This is only a special case of the more general problem of 
the variation of thrust with speed, the engine torque or turning 
moment remaining constant. See also section (10). 

In such case it is found in general, with increasing speed, 
that the slip and thrust will decrease, while the useful and total 
work will both increase. Vice versa, with decreasing speed the 
slip and thrust will increase and the useful and total work will 
both decrease. It results that with a given torque the thrust, 
when the speed is zero, has its largest value, while the revolutions 
and ‘total work have their lowest values, and the useful work is, 
of course, zero. 


Fic. I. 


@ ~< 


Pri 


en 


anne) 


oO fe ” J x 


OX, axis of speed; OY, axis of resistance and of thrust; OA, curve of resistance on speed; 
BC, curve of thrust on speed. Intercepts KF, LE, etc., show amount of thrust available for 
acceleration. 


These relations should be borne in mind in connection with 
pulling or thrust tests of propellers with the aéroplane or boat 
stationary. The thrust or pull developed in such a test is always 
much in excess of that developed in free flight, while the revolu- 
tions and power developed by the engine are less. It results that 
the engine connected to a propeller does not develop its full power 
when the boat or aéroplane is stationary. The turning moment 
may be developed by the engine, but the resistances are such that 
it is balanced by a combination of high slip and low revolutions, 
and hence with correspondingly reduced power. Where the craft 
is free and in motion the slip is reduced, and to balance the 
constant torque higher revolutions are required, resulting, with 
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the influence of other factors, in a reduced thrust, increased speed, 
and in increase in both the useful and the total work. 

These relations may be further illustrated by the curves of 
Fig. I. 


(4) PROPELLER ACTION FROM CONSIDERATION OF FORCES ON 
AGENT. 


We may next consider briefly the derivation of certain rela- 
tions based on the second viewpoint of propeller action, the con- 
sideration of the forces acting on the blade rather than the ac- 
celerating effect on the medium. 

In the diagram, Fig. 2, let the heavy line denote a small 
elementary plane which may thus represent an element of an 
ideal screw propeller. 

OK is the direction of movement of the boat or aéroplane 
relative to the earth or the surrounding still water or air. 

OE is the direction of motion of the element relative to the 
boat. 

Suppose the element to rest and move on a smooth, unyield- 
ing surface. In other words, suppose that there is no yield to 
the medium—no movement of the element relative to the medium 
other than edgewise through it. Then it is clear that while the 
element moves transversely from O to E it must move forward 
with the boat a distance equal to EF. 

This would mean operation without propeller “ slip.” 

Actually the distance moved forward will be EG some distance 
less than EF, 

The distance EF for one revolution of the propeller is known 
as the pitch. 

Let us use the following notation: 


p= pitch = EF for one revolution. 

D = diameter. 

N=revolutions per minute. 

s=slip ratio FG — EF. 

(1—s) = ratio EG + EF. 

rradius of element of area relative to shaft centre. 
dA =element of area of surface. 

A =total propeller surface. 

T=thrust or pull indirection of motion of craft. 
R= force opposed to motion of propeller element relative to craft. 
P=normal force on element. 
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Q=tangential force on element. 
v==speed of craft forward. 

w= speed of element relative to craft. 
U=useful work of propulsion = Tv. 
e = efficiency. 


Let OE now represent specifically the transverse distance 
moved by the element in one revolution. Then: 


2mr = OE 


Again, if we consider the diagram as representing the 
distances moved in unit of time, we shall have 
EF = pNn, 
OE = 2nrN. 
EG =v= PN (1—s). 


whence in general 


ee Ein ks dic dications bade es (6) 
s en Bbc. FWiabk chce ceakedtibeact (7) 


Now, whatever the exact distribution of forces on the sur- 
face of the element, they may be represented by a normal force / 
and a tangential force Q, as indicated in the diagram. Then X, 
the total resistance to transverse movement, will be the sum of 
the components of P and Q on a transverse line, represented 
graphically by AB. 

Likewise, 7, the total resultant along the direction of motion 
OK, will be the sum of the two components along this direction, 
of which that for P is positive or forward and that for Q is 
negative or astern. The algebraic sum or net forward resultant 
is represented graphically by DC. 

These resultants have values as follows: 


Tighe eh eK be License ic dons (8) 
R = Psin @ + Qcos@ 

Then 7v= useful work and 2rrNR = total work. 

Also efficiency : 


Tv (P cos 6 — Q sin 6)v (9) 


e= 


2xrNR 2mrN(P sin 0 + Q cos 8) 
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It will be apparent that, with other things the same, the 
efficiency will be greater as Q is less, and less as Q is greater. 
In the limiting case when Q = 0 we shall have 


Pv cos 6 Fe v 
2arNP sin 0 2mrN tan 0 


~e= 


If now N =1 we shall have v= EG=PN (i1—s). But from 
(5) 2mr tan @= pitch, whence (10) becomes 


— PN(i-s) _ 
e= oN ( 


This, therefore, represents the limiting value of the efficiency 
for a thin plane acting as an element of a screw propeller. 

With thickness on the back as in the section of an actual pro- 
peller blade, there is experimental evidence that at high values 
of the slip the actual efficiency may pass this limiting value where 
s is computed for the pitch on the rear or driving face. The ex- 
planation is found in the fact that with thickness the virtual or 
effective pitch is no longer that of the rear face, but a greater 
value. This effect depends on the disposition of the stream lines 
about a body of the form of a propeller blade section. It is very 
complex in detailed analysis, and can only be here referred to 
in an incidental way. 

In order to make further progress in the development of 
these equations (8), (9), we must make some assumption re- 
garding the forces P and Q. Only an outline of the procedure to 
be followed can be here given. 

We may assume P and Q in accordance with the following 
principles and approximate relations: 

(1) Hydrodynamic forces, such as those here considered, 
vary closely with the area and with the square of the relative 
velocity between blade and medium. 

(2) Through the slip and the pitch ratio (p+ D=7 tan @) 
the relative speed of the element through the medium may be 
related to the speed PN. 

(3) The forces P and Q are related to thrust T through the 
angle 6, and hence through the pitch ratio. 

Hence we may write 

T co dA(pN)? 
Then U = Tv = Tpn(1 — s) 
Whence U w'dA(pN)* 
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Now for a propeller as a whole made up of a series of such 


elements we shall have 
Aw D? 


Hence we may write finally 


U oo D*X(pN)s 


We must now inquire as to the content of the sign of varia- 
tion or relation, («). On what characteristics and factors of 
operation will the relation depend? Obviously on all distinguish- 
ing characteristics and factors which are not explicitly repre- 
sented in the formula. These may readily be seen to comprise 
the following: 

(1) The slip ratio s. 

(2) The pitch ratio P + D. 

(3) The area ratio =total area of blades —- (7D?/4). 

(4) The form of the blade. 

(5) The thickness of blade and its disposition. 

(6) The character of the surface as to smoothness and con- 
tinuity of form. 

We may therefore, if we desire, write 


rn is aca cast Si WE oe eens a (12) 


where B is a general factor representing the combined influence 
of these six factors or influences. Or, again, we may write the 
equation 

FC lait kote FA aa eae (13) 


where the various factors a, b,c, etc., each represent the in- 
dividual influence of the various characteristics and conditions 
4 ¢ Teseere |) ® 

In so far as any of these may be made standard,—that is, 
in so far as variation in these characteristics may be eliminated,— 
in corresponding measure may we eliminate or discard the cor- 
responding factors. Thus if we may assume (6) to be practi- 
cally standard or uniform, and if we can assume (5) standard,— 
that is, always associated in a- definite and regular way with 
certain of the other characteristics, such as diameter and blade 
area,—then we could discard e and f and reduce the number of 
factors to four. If, in addition, we could assume a standard 
form,—that is, a form always definitely and regularly associated 
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with diameter and area,—then d could be discarded. li, further, 
we could assume a standard area ratio,—that is, an area always 
bearing a fixed relation to D,—then we could discard ¢ and thus 
retain only a and b, the factors relating to pitch ratio and to 
slip ratio. 

On the other hand, to the extent to which these various char- 
acteristics can not be made uniform or standard, to such extent 
will the performance of the propeller depend on such variable 
features and to a corresponding extent should a complete pro- 
peller formula contain factors intended to represent these various 
conditions. 

Referring in general to the two methods of viewing propeller 
action, and in particular to the equations which directly result 
from such methods—(1), (12), (13)—it develops that in neither 
the one case nor the other do the resulting equations by them- 
selves serve to establish any complete or satisfactory relation be- 
tween the characteristics of the propeller and the general schedule 
of requirements to be met. 

In particular, from the first method of consideration, the 
simple theory which can be thereon developed does not serve to 
determine quantitatively how much water or air a given propeller 
will lay hold of or how much it will accelerate its motion. It 
does not serve, therefore, as an adequate basis for the actual design 
of a propeller suited to a specified program of requirements. 
Similarly, the second mode of consideration does not serve to de- 
termine quantitatively the forces which act on the blade 
of a given propeller, or their distribution over its surface. 
Specifically in equations (12) and (13) the theory as developed 
furnishes no basis for the numerical computation of the general 
factor B or of any of the various factors a, b, c, etc., which go 
to make up its complex value. 

It results that only through experimental research or the in- 
vestigation of actual cases can we determine the numerical values 
of the factors which thus stand between the simple theory and 
the requirements of actual design. 

To this end equations (12) and (13) are much more directly 
available than those furnished by the first method of considera- 
tion. In any case and whatever the viewpoint, the equations 
must be thrown substantially into the form of (12) or (13) 
before they can be readily applied to the purposes of design. 
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(5) APPLICATION TO PROBLEMS OF DESIGN. 


The practical question now arises, supposing that we know 
or have given a value of B in (12) or of a, b, c, etc., individually 
in (13), to what extent and under what limitations can such 
values be used for purposes of design? This question is of 
fundamental importance, and the answer should be clearly and 
accurately understood and its full significance realized. The 
answer is found in the following: 

(1) For purposes of design it is assumed that the mutual 
forces acting between a solid body and a fluid medium in relative 
motion depend upon and are determined by the relative velocity 
and the various other characteristics and conditions as outlined 
in (1) to (6) above. 

(2) That for a given solid body at varying speeds these 
forces vary directly as the square of the velocity. 

(3) That for geometrically similar bodies but varying in 
absolute size, moving with geometrically similar relations to the 
medium and hence with geometrically similar systems of stream- 
line distribution, the total forces at speeds proportional to the 
square roots of the linear dimension will be proportional to the 
cubes of the linear dimensions. 

Assumption (3) expresses in effect the application of the law 
of kinematic similitude or of “ comparison” so-called, as applied 
to hydrodynamic problems of this character. 

Without taking space for minor details, it is readily shown 
that these assumptions are equivalent to the statement that in 
equations such as (12) and (13) the factor B or the various in- 
dividual factors a, b, c, etc., are independent of absolute size and 
of absolute speed and can therefore be applied independent of 
size or speed and dependent only on the particular proportion or 
characteristic which they are intended each to represent. 

It thus results that if for a given propeller we can establish 
a series of values for a given set of conditions (1) to (6), we 
may then use these same factors for any propeller, no matter 
what the actual size or the actual speed, so long as the same set 
of characteristics and conditions (1) to (6) is fulfilled. 

If, then, by means of experimental propellers a sufficient 
number of experiments could be carried out to furnish a wide 
range of these factors corresponding to all combinations of the 
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various characteristics and conditions, the problem of propeller 
design would be put on a reasonably definite and secure basis. 
Actually no such collection of data is now available, and present 
dependence must be placed on somewhat widely scattered results. 

It must not be forgotten, moreover, that the independence 
of these various factors on absolute size or speed is, after all, 
only an assumption made for the purpose of convenience. With 
reference to a more refined analysis, it cannot be doubted that 
both size and speed will have some influence on their values, 
and hence it should be remembered that in the application of 
experimental results, or in transferring the results for a given 
case to the circumstances of a proposed case, the more remote 
the two cases in point of size and speed, the less certain will be 
the results, and the nearer they are in these respects, the more 
dependable will be the results. 

The application of the general equation (12) for purposes 
of design may be shown by a few simple illustrations. 

For a given propeller we have the following dimensions and 
results : D=? feet. 

p=—7.7 feet. 

N = 700. 

v=48 miles per hour. 
i.h.p. = 45. 

What should be the diameter of a geometrically similar pro- 
peller to absorb with the same slip ratio an i.h.p. of 60 with a 
speed of 51 miles per hour? 

Equation (12) is equivalent to the following statement: 

Under similar conditions the power absorbed by a propeller 
is proportional to the square of the diameter and to the cube 
of the product pN. Hence, 

60 _ Df tN: y 
45 49\ aM, 

But with equal values of the slip ratio s, the product pN will 
vary as the speed v. Hence we have 

om st) 
45 49 \48 


D, = 7.38 feet = 7 feet 4-5 inches 
fp: = 1.1 X 7.38 = 8.12 feet = 8 feet 1.4 inches 


Whence 


- (5! = 
pls = (35)77 X 700 = 5726 
Ne = 5726 + 8.12 = 705 
Vor. CLX XVIII, No. 1065—20 
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Suppose, again, a propeller similar in geometrical form to 
No. 1, but 20 per cent. smaller in size. At a speed of 60 miles 
per hour how much power will it absorb under the same cir- 
cumstances and with the same slip as No. 1? 

Since the slip ratio is the same we must have the product /.\ 
in the ratio of the speed. 


Hence 
. 60 60 
prN2 = pi: X 48 = 7.7 X 700 X 48 = 6737 
But 
pb: = 7.7 X .80 = 6.16 feet. 


Therefore 
; N= 6737 + 6.16 = 1094. 


Then i. h. p. = 45 X (.8)* X (1.25)® = 45 X .64 X 1.95 
= 56.2 


(6) SLIP OF PROPELLER AND STERNWARD ACCELERATION OF 
MEDIUM. 


The term slip is sometimes used loosely with reference either 
to the medium or the propeller. The slip of the propeller is, how- 
ever, not the same thing as the sternward acceleration of the 
medium. Each of these has been suitably defined in the preceding 
paragraphs. They are entirely different physical quantities. Com- 
paring the slip of the propeller, FG (Fig. 2) with the sternward 
acceleration « in section (2), and denoting the former per 
minute by S, it may be shown that in the case of an ideal blade 
without friction we shall have 

u = 2S 

In the actual case with friction, no general relation can be 
established, but as a broad rule u will be less than the above value 
for the ideal case. 


(7) REACTIONS BETWEEN CRAFT AND PROPELLING AGENT. 


We must next consider briefly the mutual relations between 
the boat or aéroplane and the propelling agent. These relations 
may be noted under two heads, as follows: 

(1) Reaction of Propeller on Craft.—This is in the nature 
of an augmentation of resistance as compared with the force 
which would be required to maintain the craft alone, drawn or 
forced through quiet air at the same speed. In the case of pro- 
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pellers located in the rear and operating by thrust, this augmen- 
tation comes by way of a driving or pumping of the air away 
from the after parts of the structure, thus diminishing the air 
pressure on these parts compared with the pressure which would 
prevail if the craft alone and without propeller were drawn or 
forced through the air at the same speed. This action is then, 
in effect, a diminution of the following air pressure on the struc- 
ture, and a resulting increase in the difference between the 
resultant pressures acting from forward aft and from aft for- 
ward, and a consequent increase in the resistance opposed to 
propulsion. 

In the case of propellers located at the bow (tractors) the 
augmentation comes by way of a current or blast of air driven 


FIG. 2. 


Force reactions between element of blade and medium. 


aft by the propeller against the forward surfaces of the structure, 
thus increasing the pressures directed from forward aft, and 
hence increasing the difference between the resultants in the two 
directions, and hence the resistance to propulsion. 

(2) The Reaction of the Structure on the Propeller—This 
comes by way of a disturbance of the air in which the propeller 
operates, thus modifying in effect the slip ratio, and thus one of 
the fundamental conditions of operation. 

With the propeller forward, as in the tractor, this reaction 
is small, and for practical purposes may probably be considered 
as negligible. With the propeller astern the action is more pro- 
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nounced. The motion of the structure through the air tends to 
develop a following wake of air, closing in about the propeller 
to a greater or less degree and constituting a sort of following 
current in which the propeller operates. With water and the 
usual ship-formed body this action is very pronounced, and must 
be considered in any careful analysis of the problem of pro- 
pulsion. In the case of the ordinary biplane structure and a 
gaseous medium such as air it may be expected that the follow- 
ing current will be less pronounced than with the usual boat- 
formed body and a liquid medium. Nevertheless, the same prin- 
ciples obtain in the two cases, and the likelihood of some reaction 
similar to that in the case of water should not be overlooked. 

The air thus acted on will be thrown into turbulence, and the 
practical result will be that the propeller is forced to operate 
in a turbulent medium with a small component velocity forward. 
The general effect of turbulence is to decrease the thrust de- 
veloped, other things being equal, while the effect of the follow- 
ing resultant motion will be to increase the actual slip and thus 
to give a greater thrust than that due to the conditions of motion 
relative to the outlying body of quiet air. These two influences 
are opposite in direction. To what extent they will annul each 
other is not known with satisfactory exactness. In the case of 
water propulsion there is a marked resultant increase in the 
thrust. In the case of air it seems probable that the resultant 
action will be similar, but less in amount. 

These two reactions between the propeller and the craft thus 
presumably trend in opposite directions. ‘The reaction of the 
propeller on the structure tends to increase the resistance and 
thus the actual propeller thrust which must be developed. On 
the other hand, the reaction of the following current tends to 
place the propeller in such conditions of operation that the needed 
thrust is realized with lower revolutions and hence with less 
power than would be the case in undisturbed air. 


In the case of water propulsion these two effects very closely 


counterbalance so far as the final work of propulsion is concerned. 
In the case of air propulsion, further experimental data are re- 
quired before any definite statement can be made regarding this 
point. 

In considering this matter of the reaction between the struc- 
ture and the propeller, a final point should be noted in connection 


T 
slip. 

peller 
junct: 
efficie 
chara 


Sept., 1914-] ScREW PROPELLER. 275 


with the two values of the slip and the corresponding two values 
of the efficiency which may present themselves for consideration. 

Thus the speed through the air, considered as a surrounding 
quiet medium, is a matter of direct observation. So also are 
the revolutions. The pitch of the propellers is known. 

The slip s, = (pN —v)/pN is a simple matter of observa- 
tion. It is not, however, the actual slip of the propeller relative 
to the air in which it works. Suppose that the air about the pro- 
peller has an effective following velocity measured by wv where 
w is some small factor. Then the velocity of the propeller 
through or relative to this air is v— wv=(1—w)v. The true 
slip, that relative to the air in which the propeller is actually 
working, will be therefore measured by 


a pN — (1 —w)v 
pN 


Sa 


From these we readily derive the following: 


v 


I-31 =—> 


pN 


(1 — w)v 
pN 


I-s= 


I> 
t~s 


=I-w 


The slip s, is usually called the apparent slip and s, the true 
slip. Corresponding to these we have two values of the pro- 
peller efficiency, one as determined by the apparent slip in con- 
junction with the other characteristics, and called the apparent 
efficiency, and one as determined by the true slip with the other 
characteristics, and called the true efficiency. 


(8) SIDE TIPPING MOMENT DUE TO TORQUE. 


Since action and reaction are equal, it is clear that the turning 
moment developed by the engine will tend equally to rotate the 
shaft relative to the aéroplane and the aéroplane relative to the 
shaft. The shaft rotates rather than the structure of the aéro- 
plane simply because there is less resistance to such rotation. 
The moment exists, however, and would produce a slow rotation 
of the structure in one direction and a rapid rotation of the 
shaft in the other but for the corrective effect of ailerons or of 


276 W. F. Duranp. [J. F.1. 


a pendulum, disposition of the weights of the structure, or both 
in combination. 

The magnitude of this tipping moment is readily determined 
from the horsepower and revolutions. 


oe 
Thus let W = power developed by engine in i. h. p. 
Q = torque 
N =r.p.m. 
Then W = 22NQ 
_ 33000 W 
or Q 8g 2aN 


Thus for illustration, if W=g9o0 and N =goo, we have 


33000 X 90. 


ax X 900 = 525 pound feet. 


Q = 

This would be equivalent to two equal forces of about 26 
pounds each, acting one up and the other down, with an arm of 
20 feet between them. 

If the weights of the structure are so disposed as to give a 
pendulum effect,—that is, a righting moment due to gravity,— 
then without aileron effect the structure will incline until the 
righting moment thus developed equals the tipping moment de- 
veloped by the engine torque. With aileron control the result 
will be a combination of the two factors, the details of which will 
depend on the circumstances of the case. 

In the case of twin propellers rotating in opposite directions, 
as in the typical Wright biplane construction, these moments are 
equal and in opposite directions and thus balance, leaving the 
propulsive effort without residual turning moment on the craft 


(9) LONGITUDINAL TIPPING MOMENT DUE TO THRUST. 


The thrust is applied approximately along the line of the 
shaft. The centre of resistance of the structure with any par- 
ticular configuration of planes, ailerons, and rudders may lie 
above, below, or on this line. If it should lie above the line 
the combination of the thrust and the resistance will form a 
couple tending to elevate the head of the structure. If it lies 
below the line the result will be a couple tending to depress the 
head, and if on the line there will be no such couple and the 
angular aspect of the structure will not be affected. It may thus 
result that a given machine will require a constant corrective use 
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of the vertical rudder to control this tendency for either the 
head or the tail to lift. Such a result implies an improper dis- 
position of weights or plane surfaces relative to the location 
and direction of the shaft. Such a continued or set condition 
of a vertical rudder, while it may serve to correct the tendency 
to curving flight, will nevertheless be at the expense of an in- 
creased resistance and a corresponding loss in speed for the same 
engine power. 


(10) ACCELERATION OF SPEED FROM REST TO FINAL STEADY 
CONDITION. 


Another topic closely related to the variation of thrust with 
speed, the engine torque being constant, is the gaining of speed 
from a condition of rest. 

It will be clear for any given value of the engine torque with 
a given propeller and craft that there will be some speed of 
advance for which the thrust or pull developed by the propeller 
will be exactly balanced by the resistance developed by the craft, 
and hence a condition of steady flight will result. If, however, 
the speed has some value v less than this final steady condition 
speed v,, then the resistance will be correspondingly less while 
the thrust will in general be actually more. It will result that 
there will be a part of the thrust not balanced by the resistance 
and hence available as an accelerating force. In answer to such 
force the speed will gradually increase, closing down the gap 
between v and v, and thus approaching the final value v,. 

With the increase in speed, however, there will come a cor- 
responding increase in resistance, a resultant decrease in the 
margin available for acceleration, and a resultant decrease in 
the rate of closing the gap in speed. Thus at the start from 
rest the entire thrust is available for acceleration and the accelera- 
tion in speed is correspondingly large. This steadily decreases 
as the speed increases, and there is thus a gradual approach with 
a slower and slower acceleration to v,, the final speed for steady 
flight. It is of interest to note that under ideal conditions,—that 
is, with absolutely quiet air and uniform engine torque,—the 
equations for these relations take such form as to show that the 
time and distance required for the ultimate realization of the 
final speed v, would both be infinite. The physical reason for 
this is found in the gradually-decreasing value of the acceleration 
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as the gap to be closed becomes less. The speed v, from rest thus 
represents the summation of a series of terms, infinite in number 
and indefinitely decreasing in magnitude with increase of time. 
In the same way the time required to fully realize any increase 
in speed corresponding to a change in engine torque would theo- 
retically be indefinitely great. 

In a similar manner with a given condition of steady flight, 
if the engine torque is reduced there will be an excess of resist- 
ance over thrust which will operate as a retarding force. This 
will reduce the speed gradually from v toward the smaller steady 


condition value v,. In a similar manner, likewise, the retarding . 


force will decrease as the difference between v and v, is less, and 
the gap will therefore be closed by an indefinitely diminishing 
series of elements, In this case, the same as for gaining speed, 
ideal conditions give equations indicating an indefinite time and 
indefinite distance for realizing the ultimate speed corresponding 
to the reduced torque. 

Actually the important question is not the time or distance 
required to realize the ultimate speed corresponding to a given 
engine torque, but rather ‘the time or distance required to realize 
a substantial closure of the gap between the original speed uv and 
the final speed v,. Thus if the total ideal change is .90 or .99 
realized, the result is a substantial fulfilment of the conditions, 
and the time and distance for such practical fulfilment are always 
finite quantities, large or small, according to the factors and 
circumstances of the case. 

Actually, moreover, the conditions regarding resistance and 
engine torque are never perfectly uniform. The resistance is 
constantly changing, due to varying external conditions and the 
torque due to varying conditions affecting the motor. The result 
of these various interacting factors is a continually changing 
state regarding speed and acceleration in which there is a constant 
effort on the part of the forces involved to maintain an adjust- 
ment with the changing conditions, but in which there is a time 
lag, so that the adjustment is always lagging behind the changing 
conditions. 

These circumstances furnish an illustration of a problem of 
pursuit in which the changing speed may be said to be continually 
in pursuit of the changing conditions, but always lagging behind 
in the race. 
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These relations are further illustrated by the diagrams of 
Fig. 3. 
(11) CENTRIFUGAL FORCE ON BLADES. 
At high rotative speeds the centrifugal force developed may 


become a matter of importance with reference to the stresses de- 
veloped at the root of the blade. 


Let W = weight of blade. 
r=radius of centre of gravity. 
w — angular velocity. 
n=revolutions per second. 
F=centrifugal force. 


Then from mechanics we have 


Wrat _ ann Wr 


F= 
g g 
FIG. 3. 
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OX, axis of time; OY, axis of speed and of distance; OA, curve of speed on time; OB, curve 
of distance on time; CD, line of steady speed toward which actual speed approaches as a limit. 
Intercepts KL, EF, etc., = speed increments yet to be gained at any time OM, OH, etc. 


Thus for illustration let r.p.m. = 600, W = 20, r= 1.8. 

Then m= 10 and F =4440 pounds. 

If r.p.m. = 1200, m= 20 and F = 17,760. 

Forces of this magnitude will naturally require special con- 
sideration with reference to the strength at the root section of 
the blade for the usual two-bladed form, or with reference to the 
blade fastenings for the three-bladed form. 
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(12) EFFECT OF ALTITUDE ON THE OPERATION OF A PROPELLER. 


All formule for the resistance to the motion of a solid 
through a liquid or gas contain the density of the medium as a 
direct factor. It results thatthe resistance of the aéroplane to 
propulsion, the lifting force developed by the action of the air 
on the planes, the propulsive thrust developed by the propeller, 
and the resistance to transverse movement in opposition to the 
torque of the engine will all vary directly with the density of the 
medium, other conditions remaining the same. 

It results further, since the weight of the aéroplane remains 
unchanged, that the constant lifting force must be developed as 
a result of either (1) increased speed or (2) variation of angle 
of incidence of planes, or some combination of both. Remember- 
ing, furthermore, that resistances, thrusts, and lifts vary approxi- 
mately as the square of the speed, it follows that if the engine is 
giving a constant torque we shall have the following combination 
of results. As the altitude increases and the density of the air 
decreases the propeller will speed up until at some combination 
of increased rotative speed and varying slip the steady turning 
moment of the engine will remain balanced by the transverse 
resistance opposed to the passage of the blades through the air. 
Since, however, the lifting force must remain the same (for 
horizontal flight) and all forces and resistances involving the air 
are varying in the same manner with the density, it will further 
result that at the same angle of incidence the thrust will be the 
same and the slip ratio will remain nearly constant. Steady con- 
ditions will then be realized and maintained with @ rotative speed 
varying inversely nearly as the square root of the density, with 
a speed of flight varying in the same manner, with the lift and 
thrust constant, with the torque constant (as assumed), and with 
a power output varying directly with the speed or nearly in th 
inverse ratio of the square root of the density. 

If the angle of incidence is varied with altitude the result be- 
comes more complex and cannot be determined in general term: 
Thus if the angle is increased with altitude the thrust and resist- 
ance must be greater for the same lifting force. The slip will 
therefore increase and the increase in revolutions, speed, and 
power output will be less than for constant incidence. 

It must be further remembered that the engine at high alti- 
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tudes will not give the same torque without corresponding adjust- 
ments governing the power developed. The air and fuel indraft 
per stroke will decrease with the density, and without compen- 
sating adjustment the torque cannot be maintained constant. It 
may be further noted that with increasing rotative speed a con- 
stant torque will require greater energy developed per stroke or 
per cycle, increasing directly with the speed. Hence constant 
energy per stroke or per cycle will not maintain a constant torque 
with increasing altitude, and hence will not maintain a constant 
lift without adjustment of the angle of incidence. 

Thus for illustration at 10,000 feet elevation as compared 
with sea level, the density ratio without regard to change of 
temperature is about .68. The square root of this is .825, and 
the reciprocal of .825 is 1.21. Then for horizontal flight with 
constant engine torque and angle of incidence the thrust and 
lift will remain the same, while the rotative speed, speed of flight, 
and power output will all increase by approximately 21 per cent. 


(13) GEOMETRY OF THE SCREW PROPELLER. 

Imagine a generating line AB with one end rigidly fixed to a 
sleeve or hollow tube which slides on a straight line guide or axis. 
Such a system may be moved either in rotation or axially or both 
(see Fig. 4). 

The diameter of the surface thus generated is naturally the 
diameter of the cylinder which will just inclose it. 

The pitch is the axial distance corresponding to a complete 
revolution of the generating line. 

Four variations in the generating line may be noted, as 
follows: 

(1) Straight and at right angles to axis. 

(2) Straight and inclined to axis. 

(3) Bent or curved in an axial plane. 

(4) Bent or curved in a transverse plane. 

In any of these cases if the axial and angular movements are 
in constant proportion, the surface traced by the generating line 
is called a true helical surface or a surface of uniform pitch. If 
the axial movement varies in proportion with the angular move- 
ment, the surface is said to have an axially variable pitch. 

Take the case of a straight line generatrix, and generating a 
surface of uniform pitch. Suppose the surface inclosed by a 
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cylinder on the surface of which the end of the generatrix will 
trace out a helical spiral path, KLMBN of pitch = PQ. 

Let the surface of the cylinder be developed as in Fig. 5. AB 
represents the developed circumference, *D; BC represents the 
pitch p, and, as well known, the spiral path develops into the 
diagonal AC. 

Let 6 = angle of inclination of AC to AB. 


Then obviously 
pb = wD tan 0 = 2zr tan 6. 


Now imagine a helical surface of the most complex character, 
such, for example, as that given by the rounded back of an 
ordinary propeller blade, or any other surface smooth and con- 


Geometry of screw propeller. Generation of helical surface. 


tinuous, but not possible of generation by any line moving as 
above specified. It will be clear that for any small element of 
such a surface we shall be able to find a true helical surface with 
the same outside diameter, with a straight generatrix either at 
right angles or inclined to the axis, and just tangent to the ele- 
ment in question. The pitch of this tangent surface is taken as 
the measure of the pitch of the element. In this sense any 
element of surface may be said to have a pitch relative to a 
specified axis and diameter. 

The face or driving face of a propeller blade is the surface 
which receives the excess pressure of the air resulting in the 
propulsive force. It is the after or rear face relative to the craft 
which it is driving. 

The back of a blade is the forward surface, opposite the face. 

The leading edge is the forward or entering edge relative to 
the movement of the blade through the air. 
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The following edge is the rear or leaving edge relative to the 
movement of the blade through the air. 

The face of the blade is part of a helical surface formed ac- 
cording to some definite law as regards pitch, and usually with 
straight generatrix at right angles to the axis and with uniform 
or axially variable pitch. 

In the latter case the variation is such as to increase the pitch 
from the leading to the following edge. This is usually known 
as an axially expanding pitch. 

More broadly it may be seen that any combination of pitch 
elements may be combined giving variation from centre to tip as 
well as from leading to following edge and according to any law 
as may be desired. 

The form of the back is determined simply by the need for 
strength and for thickness to give the requisite material. As will 
be realized from the broader view of a helical surface, the back 
may also be considered as such a surface with an extremely 
variable distribution of pitch. As usually employed, the term 
pitch refers solely to the driving face. Actually, however, the 
back may be viewed as composed of a series of elements of 
surface, each with its pitch as determined by its location and 
shape. It results that in reality the propeller blade is bounded 
by two surfaces: a driving face with a uniform or fairly regular 
distribution of pitch, and a back with an extremely variable dis- 
tribution of pitch. 

The word pitch must therefore be considered as having two 
meanings or two applications: 

(1) The geometrical pitch, which refers solely to the driving 
face and is simply a matter of the form of this surface. 

(2) The dynamic pitch, which refers to the real dynamic 
effect of the blade as a whole, with its two bounding faces, each 
of which has its due influence on the forces acting between the 
propeller and the medium in which it works. 

The former is the usual sense in which the word is employed. 
It can be determined by simple geometrical measurements. The 
latter cannot be so determined and can only be inferred as a 
result of experimental research. In general such investigation 
shows that the dynamic pitch is greater than the geometrical. 

Screw propellers for air craft are usually of wood, with the 
blades set opposite, permitting of construction by means of con- 
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tinuous layers, crossing the centres, and thus securing greater 
strength at the hub than in the case of interrupted blades, as with 
three- or four-bladed forms. 


(14) MEASUREMENT OF PITCH. 


A practical problem which may arise relates to the measure- 
ment of the geometrical pitch. If the blade is of uniform pitch 
it will obviously make no difference where the measurements are 
made: the results should be the same. If it is of variable pitch 
it must be measured at a sufficient number of points to permit the 
determination of the general law of variation. 


FIG. 5. 
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Geometry of screw propeller. Developed true helix. 


Referring to the equation relating pitch to diameter and 
angle of inclination we have 
p = xD tan @. 


At any selected point, then, we have simply to measure the 
diameter and the tangent of the angle @. 

We may first note that where = 45° tan @=1 and P=7D. 

A quick determination may therefore be made by finding the 
diameter where 6= 45° and then taking the pitch =D, the cir- 
cumference on this diameter. 

For any selected point we may follow a more general pro- 
cedure, as follows: 

Divide the problem into the four steps: 

(1) Select the point and measure the corresponding radius. 

(2) Determine a plane of reference perpendicular to the axis 
of the propeller. 
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(3) Lay out on the face a line representing the locus of all 
points distant the given radius from the axis. This is equivalent 
to laying out on the face a line representing its intersection with 
the surface of a cylinder on the same axis, and with radius equal 
to that for the given point on the blade. 

(4) Select two points on this line and measure their distance 
apart on the line and their distances from the reference plane. 

Then, referring to Fig. 5, it is plain that the distance between 
the two points on the line is EF and the difference between the 
two distances from the plane is GE. Then obviously 
sin 6=GE/EF, and 


tan@ =GE / VEF — GE 
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Developed guide iron for axially variable pitch. 


The details of these individual steps will be determined by 
the resources available, but with a little ingenuity a sufficiently 
accurate determination can be made with relatively crude ap- 
pliances. 

In any actual case it will be well to repeat the measurement 
at two or three different values of the radius as a matter of check 
and to ascertain the possibility of variable pitch at different radial 
distances from the axis. 

This method will give in effect the mean pitch between the 
two points E and F. If the pitch is variable axially or at differ- 
ent points along EF, and a more accurate determination is de- 
sired, then the procedure noted above may be modified as follows: 
(1) As before. 

(2) As before. 


286 W. F. Duranp. [J. F.1 


(3) Bend a sheet of tin or thin sheet iron to the curvature 
of the surface of a cylinder of the given radius. 

(4) By cutting and trying fit this sheet so that one edge 
lies in the plane determined by (1) and the other lies on the 
surface of the blade, while the sheet itself is in position on 
the surface of the imaginary cylinder. 

This sheet (EHKF, Fig. 6) may then be developed out flat 
again, thus giving the triangle EFG. If the pitch is expanding 
axially the line EF will be curved as shown. ‘Then the angle 
6 at any particular point will be the slope of the tangent to EF 
at that point. In this way the value of the pitch may be found 
at either leading or following edge or at other intermediate points 
as desired. 


Action of Colloids on Radioactive Products. JT. GopLEwski. 
(Phil. Mag., xxvii, 618.)—It has been shown that on passing an 
electric current through a solution of radium emanation, together 
with the successive disintegration products, the radioactive  sub- 
stances were deposited almost exclusively at the cathode when the 
medium was acid or in presence of polyvalent cations and at the 
anode when the medium was alkaline or in presence of polyvalent 
anions. This suggests that the radioactive products are present as 
colloidal hydrosols and that the process is one of electrophoresis 
rather than electrolysis. Further experiments in which various 
colloids were added to the solution confirmed this view, and it was 
found possible to concentrate powerful radioactivity on a few 
milligrammes of a coagulated hydrosol (e.g., colloidal gold or 
platinum coagulated by aluminum sulphate). Positive colloids can 
be precipitated merely by filtering through paper or glass-wool, 
and in this way radium B and some radium C can be separated 
from water saturated with radium emanation, the greater part of 
the B-activity from dilute solutions of uranium nitrate (up to 10 
grammes per litre), and some of the disintegration products of 
thorium and actinium. If a small quantity of aluminum sulphate 
be added to water containing radium emanation, the negative hydro- 
sols become inversely charged and all the products, radium A, 
radium B, and radium C, are then retained by a paper filter. 


THE COMPUTATION OF COMPOSITE ALTERNATING- 
CURRENT LINES.* 


BY 
A, E. KENNELLY, Sc.D., 


Professor of Electrical Engineering, Harvard University. 
Member of the Institute. 


Ir is proposed to show how conveniently and swiftly the 
electrical characteristics of a composite alternating-current line 
can be computed by means of tables and charts * of hyperbolic 
functions. A composite line is defined as one consisting of a 
plurality of successive sections, each having its own uniform 
electric constants. It will be evident, from an example of the 
process, that the tables and charts referred to can be used without 
any necessary familiarity with the mathematical theory of hyper- 
bolic functions. A moderate acquaintance with the working 
formulas of ordinary circular trigonometry suffices. 

Before analyzing the case to be considered, a few preliminary 
relations may be outlined. 

Every uniform conducting-line circuit, carrying steadily 
either continuous or alternating currents, overhead or under- 
ground, may be regarded as possessing, or subtending, a certain 
“hyperbolic angle,” which is directly proportional to the length 
of the line, and also depends upon the electrical constants of the 
line, as well as on the frequency, but is quite independent of the 
strength or phase of the current carried by the line. The angle 
subtended by the line is the same whether the line is operated 
alone, forms part of a transmission system, or is an element in a 
network of conductors. The angle subtended by a line is, there- 
fore, a fixed property of the line, when the frequency impressed 
on the line is fixed. 

When the impressed frequency is zero,—t.e., when the 
line is subjected to a continuous electromotive force,—the 


* Communicated by the author. 

1“ Tables of Complex Hyperbolic Functions,” and “ Chart Atlas of Com- 
plex Hyperbolic Functions,” by A. E. Kennelly, Harvard University Press, 
1014. 
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angle @ subtended by the line is a simple number of what 
may be called “hyperbolic radians” (abbreviated “ hyps.”). 
A continuous-current line subtending 0.5 hyp. or less, would be a 
short line; but subtending 2.5 hyps. or more would be a long line. 
When, however, the line is subjected to an alternating electro- 
motive force,—i.e., when the impressed frequency is not zero, the 
angle of the line is a complex number of the type 6 = 4 +7 4 
hyps. where j=./—1; so that 6 comprises a real component 4, 
and an “imaginary ’’ component 9. ‘The real component 6, of 
the complex hyperbolic angle @ is a hyperbolic angle, express- 
ible in hyps., or is measured along the arc of a hyperbola. The 
imaginary component 7 is a circular angle, expressible in ordi- 
nary circular radians, or is measured along the arc of a circle. 
The complex angle 6, subtended by a uniform line-section, is 
the geometrical mean of its total conductor impedance Z in 
ohms, and its total dielectric admittance Y in mhos, or 8 = 4/zy 
hyps. Thus, if a loop line has a total conductor impedance of, 
say, Z=200/50° ohms, and a total dielectric admittance across the 


loop of, say, Y = 0.8 X 10-*/70° mho; then 
6 = VV 0.16/ 120° = 0.4 /60° = 0,2 + j 0.3466 hyp. 

If a line AB which subtends an angle @ is connected to ground, 
or zero potential, at one end, say, B, and to an impressed electro- 
motive force at the other end A; then the angle of the grounded 
end B is zero, the angle of the generator end 4 is @; while all 
intermediate points along the line may be regarded as possessing 
corresponding intermediate position-angles. Thus, the midpoint 
along the line has a position-angle 6/2 hyps. If, however, the 
receiving end B, instead of being connected to zero potential by 
grounding or shorting, is connected to a terminal load of 
Zr ohms impedance, then the angle at B is no longer zero; but 
%, as defined by the relation 

tanh @ = Zr/Zo numeric / (1) 


where Zo is the surge-impedance of the line expressed: by the 
formula 


Zo =+/Z/Y ohms Z (2) 


The position-angle of the end A is then increased from @ to 
6+, and all the position-angles of intermediate points along 
the line become increased by @. 
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Every line, therefore, in addition to subtending an angle 9, 
depending on the frequency, possesses a terminal angle @ at its 
motor end, which terminal angle depends both on the load and on 
the surge-impedance of the line. The position-angle ép at any point 
P on the line is the sum of & and that fraction of @ which its dis- 
tance from B bears to the distance AB, or total line length. 

The current at any point P on the line is then in simple pro- 
portion to the cosine of the position-angle, the potential to the 
sine of the position-angle, and the impedance to the tangent. 


FIG. I. 
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Angle subtended by a terminal load. 


That is, in all cases, the magnitude and phases of currents and 
voltages are given by :-— 


Ip _ cosh dp numeric 2 (3) 


Ie cosh bc 

Ep _ sinh dp . 

Ec [sinh 6c numeric 4 (4) 
p P tanh dp ‘ 

Z- Gake numeric Z (5) 


where C is some point on the line, ordinarily a terminal point A 
or B, at which the current IJ¢, the voltage Ey, and the position- 
angle 6¢ are known. 

The foregoing relations are illustrated in Fig. 1, which rep- 
resents a uniform conducting line 4B, commonly one side of a 
metallic circuit pair, considered as operated, in single-wire fash- 
ion, to ground or neutral potential GG. At the generator end 4 
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is an impressed alternating electromotive force of single fre- 
quency. At the motor end B is a terminal load of 600 /33° ohms. 
At the frequency impressed, the line AB subtends, say, an angle 


6=1 +73. hyps, or? = 1 +7 3s where the circular imaginary 


component is expressed, for convenience of computation, in 
quadrants instead of radians, and underscored to indicate this 
fact. The surge-impedance of the line is assumed to be 
Zo = 300.\ 15° ohms at the impressed frequency. Then the ter- 
minal angle at B is given by: 
Zr 00/33° 
tanh @’ = tanhég = =- = —-— = 2.0/48° 

° — 300\ 15 
Now entering the Chart XII, of the atlas above referred to, 
with 2.0 as abscissa and 48° as ordinate on the rectilinear back- 
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Composite telephone circuit of central overhead section and terminal cable sections. 


ground, we find at the required point the curved line of 0.3, and 
slightly beyond the intersection with the curve of 70.75 Wecan 
readily estimate, therefore, the value of & as 0.30+ 7 0.752, as 
far as 3 significant digits. From this it follows that 64 = 1.3 
+7 3.752 and, at the midpoint P of the line, the position-angle 
dp = 0.8 + 7 2.252 hyps. 

We may apply the above principles to the case of a three- 
section composite telephone line like that shown in Fig. 2. Here 
an overhead line CD, 250 km. (155 miles) long, consisting of a 
pair of No. 10 A. W. G. (0.259 cm. diameter ) at an interaxial dis- 
tance of 1 foot, with 5 km. (3.1 miles) of standard No. 19 
A. W. G. twisted-pair cable at each end. At A is impressed an 
alternating electromotive force of 2 volts, at 796 «(w= 5000 
radians per second), the standard telephone frequency ; while at F 
is an impedance of 1500/70° ohms. It is required to find the 
characteristics of the circuit, and the received current strength 


to, 
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at F. The following table gives the linear constants of the three 
line sections. 


Section 1 (A—B) | Section 2 (C—D) | Section 3 (E-F) 

Section length, km....... 5.0 250.0 5.0 
Linear resistance 7” ohms 

per loop km........... 54.68 6.586 54.68 
Linear inductance J” Hen- 

rys per loop km....... 0.6213 X 10 2.284 X10 0.6213 X10 
Linear capacitance c’’ 

Farads per loop km....} 0.3355 X10—" 0.4982 X 10-7 0.3355 X 10—” 
Linear leakance g’’ mhos 

per loop km.......... 3.107 X 10-* ts) 3-107 X10-* 
Hyperbolic angle at w= 

GORE MUO. 66.6 ctwes 0.3324+j 0.2199 | 1.171 +f 2.785 | 0.3324+ 7 0.2199 
Surge-impedance per wire, ee ee Ry oa 

ohms...............-.{285-7\42°.843 1363-7\.14".983 /285.7\42°.843 


With the linear constants given in the table, we form the 
single line AF at the top of Fig. 3. We may then proceed to find 
the equivalent J7 of this line, in either of two ways. One is indi- 
cated at successive stages in Fig. 3. The other is completely 
worked out, with the aid of hyperbolic charts, in Fig. 4. In each 
case we arrive at a J]-connection of three impedances af gg, 
with about 1110/103° in the line, and two terminal leaks, each of 
2.35 millimho /16°.9 to ground. This equivalent JJ completely 
represents one wire of the composite loop-line AF at the fre- 
quency considered; so that if we connect 1 volt to the end a 
and 750/70° ohms to ground from f, we shall have the same 
entering and leaving currents and potentials at a and f as on 
the actual line at A and F respectively; although along the actual 
line the conditions will be very different from those in the middle 
of the equivalent J7. 

In Fig. 3, we commence by establishing the equivalent /7 for 
each section, according to known rules.? Thus, each section of 
cable is represented by an architrave impedance of 136.2 + 13.13 
ohms, with a pillar leak at each end of 8.4 x 10 4/87°.743 ohm. The 
three individual section-/7s are now connected in series and are 
to be reduced to a final single {7 by successive steps. At 
A” B” E” F” the three Js are joined together, and adjacent pillar 


*“The Application of Hyperbolic Functions to Electrical Engineering 
Problems,” by A. E. Kennelly, University of London Press, 1911. (Chapter IIT.) 
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leaks are merged. The next step is to remove the central J7, B” E”’, 
and replace it by its equivalent T, according to the known rules 
governing such substitutions. This T is indicated at B’” FE’. 


FIG. 3. 
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Successive steps in determining the merger II of the three-section composite line. 


This leaves the line A” F”’ with one central and two terminal 
leaks. By substituting for the central T its equivalent, J/, 
we obtain the circuit a’ f’ with terminal leaks only. Merging 
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terminal leaks, we obtain finally the equivalent J7, af g g, of the 
three-section composite line. This /J may be called the merger-// 
of the line; because it has been derived from the merging of the 
three individual section-//s. 

The merger-/7 can always be computed in the manner above 
outlined, no matter how many sections appear in the composite 
line; but the task is very tedious, and liable to arithmetical error. 
There are first as many individual //s to be found as there are 
sections, and then as many but one /I-to-T, or T-to-/T substitutions, 
each of which is a slowly evolved step. 

In Fig. 4 the equivalent 17, a f g g, of the composite line is 
reached by the process indicated in Fig. 1, of forming the position- 
angle at the receiving end of each section in turn. It will be 
noticed that a discontinuity exists in the position-angle at each 
junction. Thus, taking the junction D E, the position-angle on 
the E side of this junction is 0.332 -+j0.21909 hyp. Applying 
formula (1), the position-angle on the D line is 0.36-+70.065 hyp. 
After finding the position-angle at A, the architrave impedance 
pu is found by the formula in Fig. 4, where one ratio of cosines 
enters at each junction. The result is seen to be 1119\.103.°1.ohms 
This 7, worked out with hyperbolic functions read from the 
charts, may be called the hyperbolic-// of the line, to distinguish 
it from the merger-/7, In this case there is a discrepancy of about 
0.5 per cent. in the modulus, or length-factor, and of about 0.3° 
in the argument or angle-factor, between pu in the hyperbolic- 
and merger-J/s of Figs. 3 and 4. This may be due to small errors 
in reading off the values of the functions from the hyperbolic 
charts, which do not pretend to permit of a higher degree of 
precision than this. If greater numerical precision is required, 
interpolation can be effected numerically between the values given 
in hyperbolic tables, but at a considerable sacrifice of time. For 
most engineering purposes, the functions can be found at once, 
by inspection from the charts, with a sufficient degree of accuracy. 
The method of Fig. 4 thus becomes a very swift means of evaluat- 
ing a composite alternating-current line. The hyperbolic-/7 can 
be worked out, as shown in Fig. 4, in a small fraction of the time 
needed to work out the merger-J7 outlined in Fig. 3. 

Figs. 3 and 4 show at a glance that if the line be grounded at 
B, and 1.0 volt is applied at A, to standard phase, the current 
flowing to ground at F will be about 0.895 /103°. milliampére, 
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which is really a current lagging 360°—103° = 257° behind the 
impressed electromotive force at 4. But if we connect the end 
F to ground through an instrument of 7 50/70° ohms impedance, 
this instrument is virtually shunted by the pillar leak of 426\16°.9 


FIG. 4. 
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Full computation of hyperbolic I for the three-section composite line. 


ohms; so that the effect of this shunt leak must be taken into ac- 
count when finding the current through the instrument. In Fig. 5 
this is done by substituting a J] for the T—afGg; namely, a’ 9’ g 9. 
The architrave of this 7, which includes the receiving instru- 
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ment, is 2100\26°.4 ohms. If we ground the instrument, the cur- 
rent flowing through it to ground is 0.4763/26°.4 milliampére. 
A short cut to the same result, with the aid of charted hyper- 
bolic functions, is indicated in Fig. 6. Here the position-angle 
of the section-end F is y= —0.132 +70.781 hyp.; i.c., a negative 
value of 0.132 hyperbolic radian and 0.781 of a circular quadrant. 
Three references have to be made to the charts of tangents. The 
formula for pu then requires one reference to a chart of sines, 
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and seven successive references to charts of cosines. The multi- 
plication calls for the use of the slide rule for the moduli, and 
simple addition for the arguments. The value of the pillar leak 
7 g does not need to be determined, as the line is worked with G’ 
grounded. The equivalent line impedance, including the receiving 
instrument, is 2108\26".: s ohms, and the received current from 
1.0/0° volt at A is 0.4744/26°.5 milliampére in the instrument GG’. 


The current and voltage at any point along the line are found 
in a few moments by formulas (3) or (4), which each call for 
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Terminal load and the extension of the merger II to include it. 
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two references to the charts. The values of current and voltage 
at the junctions have thus been supplied in Fig. 6. 
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Full computation of hyperbolic UU for the three-section composite line including the terminal load. 


It is evident that the same process may be extended to any 
number of sections forming a composite line. Rules have already 
been worked out for including readily in the hyperbolic-I of a 
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composite line the effects of intermediate leaks or series loads 
along the line.* Whereas, however, those rules were developed 
solely in connection with continuous-current circuits and real 
hyperbolic functions, the tables and charts of complex functions 
recently published now admit of the rules being applied with 
swiftness and ease to intricate alternating-current lines. 

In undertaking any new departure in telephone-circuit design, 
involving new lengths of line, numbers of sections, or types of 
inserted apparatus, it has been customary to make up in the 
laboratory an artificial-line system, imitating the new conditions, 
and to test the same by trial. While in no way detracting from 
the value of such direct experimental methods, it ought to be 
possible to carry on an independent check by the computation of 
the resulting equivalent 77. Without hyperbolic functions, such 
computations are likely to be hopelessly difficult. With the 
aid of tables and charts of these functions, the process becomes 
relatively easy. 


*“The Equivalent Circuits of Composite Lines in the Steady State,” by 
1elly, Am. Ac. Arts and Sc., October, 1909. 


Schilowsky Gyroscopic Monorail Car. ANon. (Engineer, 
exvii, 106.)—A model of this car is at the Imperial College of 
Science, South Kensington, London, and is intended for demonstra- 
tion purposes. A larger example of the system capable of accommo- 
dating six passengers is nearly completed. The gyroscopic axis is 
vertical and two pendulums are provided for automatically con- 
trolling the gyroscope. Thus, if the car lurches to the right, the 
left-hand pendulum pulls a cord and so puts a rack and pinion into 
mesh. ‘This, in turn, gives such an action on the gyroscope as to 
call forth for it the desired righting torque and so balance the car. 


Scandium. R. J. Meyer, A. WassyucHNow, N. Drapier, and 
E. BopLANDER. (Z. Anorg. Chem., |xxxvi, 257.)—Scandium oxide 
is best prepared from the oxide residues (0.3 per cent. Sc,O,) ob- 
tained in the manufacture of tungstic acid from wolframite from 
the Erzgebirge district of Saxony. For its preparation in quantity, 
free from thorium, the sodium carbonate method, or the am- 
monium tartrate method is preferred. A number of salts and 
double salts, complex fluorides, sulphates, and oxalates, are de- 
scribed, and it is pointed out that scandium differs from the other 
rare earth metals in its more pronounced electro-negative character, 
its salts showing a marked tendency to hydrolyze and to form stable 
complex double salts. 
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Paper and Paper Yarns. C. Beape and H. P. STEVENS. (Chem. 
News, cix, 242.)—Note on the dry and wet strengths of paper yarns. 
The strongest Swedish “ kraft” papers used for the manufacture of 
paper yarns show a tensile breaking length in the machine directicn 
of over 9 km.; papers made from Hedychium for the same purpose 
show over 10 km. When thoroughly wetted, the strength of the 
Swedish papers either disappears altogether or is reduced to a neg- 
ligible quantity, the highest is 0.58 km.; the strength of wet Hedy- 
chium papers is still considerable, 1.58 km. The modern process 
of twisting paper yarns from the finished paper, subsequently moist- 
ened, results in a decrease of the dry strength, the yarns from the 
Swedish papers showing an average breaking length of 6.89 km., 
and those from Hedychium papers 7.37 km. On the other hand, the 
strength of thoroughly wet paper yarn is very much greater than the 
strength of the original paper in the wet state. Yarns from the 
Swedish papers showed a wet strength of 4.18 km. on the average, and 
yarns from Hedychium, 4.90 km. This increase of wet strength as 
between paper and paper yarn is due to the twisting of thé strips. 
Yarn made in the old- way, by twisting strips without drying and 
finishing the paper, gave inferior results, both wet and dry. In the 
manufacture of yarn, the general rule is to produce a paper of a sub- 
stance of 40 to 44 grammes per square metre, and to vary the count 
of the yarn by varying the width of the strips. 


Extra High Temperatures. ANon. (Amer. Mach., xl, No. 26, 
1106.)—A means of obtaining extra high temperatures from an elec- 
tric are is described in the “ Electrician.” The method consists of 
combining with an ordinary electric arc a jet of air or oxygen or an 
oxyacetylene or oxyhydrogen flame. The simplest form of the ap- 
paratus has a hollow carbon electrode through which a blast of oxygen 
or air can be blown. The metal plate to be heated forms the positive 
pole and the carbon electrode the negative. The arc is struck in the 
ordinary way and operated by a special mechanism with a hand feed. 
Several other arrangements may be used, some of which have separate 
pipes serving to project the oxyacetylene or oxyhydrogen flame on to 
the electric arc. It is stated that the effect of the oxygen burning 
inside the arc is to produce a temperature greatly in excess of that of 
the electric arc alone; also a similar effect is obtained when the oxy- 
acetylene or oxyhydrogen flame burns in the same space as the electric 


arc. 


A PHOTOGRAPHIC NULL METHOD FOR MEASURING 
ABSORPTION IN THE ULTRA-VIOLET.* 


BY 


W.R. HAM, Ph.D., R. B, FEHR, M.S., and R. E. BITNER, B.S. 


THE primary object of this investigation was to develop a 
photographic method whereby the absorption of ultra-violet light 
by various absorbing media could be determined quantitatively. 

It is a well-known fact that ultra-violet light (light of wave 
length less than 390##) may exert harmful physiological effects on 
the eye and skin, but just how much of this harm is to be ascribed 
to general energy radiation, and how much to specific radiation, 
is a matter that has by no means been settled. It is generally 
agreed that the extreme ultra-violet rays (those of wave length 
less than 300m) cause injury when in sufficient intensity. There 
are some who claim that the rays between 360 and 300pp also 
cause injury. Nutting states in Bureau of Standards Circular No. 
28 that the 365th line of the mercury arc contributes 80 per cent. 
of the “ fatigue effect” when this arc is used as a source of 
light. \Whatever may be the extent of the extremely harmful 
region, there seems to be as yet no clinical evidence to show that 
the ultra-violet rays which get through glass (glass in general 
may be said to completely absorb all rays of wave length less 
than 3004 from any source) are injurious, unless in greater inten- 
sity than is to be found in any commercial light source. There 
are, however, many industrial processes requiring special pro- 
tection of the eyes, on account of the excessive amount of ultra- 
violet radiation. It therefore becomes a matter of importance to 
know more of the physiological effects of radiation, and to be 
able to determine how much gets through a given sample of glass 
or other absorbing medium. Physiological data will no doubt 
be forthcoming in a few years. The present investigation deals 
with the other important question: How much ultra-violet light 
does a given sample of glass transmit ? 


* Communicated by Dr. Ham from the Engineering Experiment Station, 
The Pennsylvania State College, July, 1914. 
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OTHER INVESTIGATIONS, 


A great deal of work has been done on ultra-violet light, both 
in Europe and in America, as shown by the bibliography at the 
end of this paper. However, very few quantitative investigations 
have been made. The quantitative researches that seem most im- 
portant, from the standpoint of the present investigation, are 
those of Bell and Luckiesh. Dr. Louis Bell, by means of a 
thermopile and sensitive galvanometer, has obtained valuable 
data on the ultra-violet component of artificial light. M. Luckiesh 
has used a photographic method to obtain transmission curves 
of various kinds of glass; these curves seem to be the only ones 
on glass. Summarizing, it may be said that such quantitative 
work as has been done has been confined either to the somewhat 
troublesome and inconvenient methods of radiometry, or to the 
simpler and more convenient method of photography with its 
rather uncertain laws. It seemed desirable, therefore, to attempt 
to develop a photographic null method. 


THEORY. 


The absorption of light by a medium follows the exponential 
law ; that is, the first layer absorbs a certain portion of the trans- 
mitted radiation, the next equal layer absorbs the same portion 
of what remains, and soon. This law is expressed by the follow- 
ing equation : 


kd 


I =i, 
where 
I, = initial intensity of light. 
J = intensity of light after transmission. 


> 


= coefficient of absorption. 
d=thickness of absorbing medium in centimetres. 
e = Napérian base. 


This law applies, of course, only to homogeneous media and 
monochromatic radiation. The coefficient of absorption & varies 
in general with the wave length. 

Radiation is not only partly absorbed in passing through a 
medium, but when it strikes a medium of different density, it is 
also partly reflected. Thus when light strikes glass, a small per- 
centage is reflected at the air-glass surface, and also at the glass- 
air surface. This latter reflected light will be partly reflected back 
and forth between the faces of the glass, but since only a small 
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fraction (about 5 or 10 per cent.) is reflected at any one time, 
the two reflections mentioned first are the only ones that need 
be considered. When the glass is comparatively thin the amount 
of reflected radiation is quite large in comparison with the ab- 
sorbed radiation, and the value of k calculated from the above 
formula will be considerably in error. The value of k thus cal- 
culated may be called the apparent coefficient of absorption. In 
order to determine the true or absolute coefficient of absorption 
two different thicknesses of the same kind of glass should be used 
as follows: 

Let 7: = fraction of incident radiation reflected at the air-glass surface. 

Then (1-1:) = fraction of incident radiation passing into the glass, and 
(1-7,)e—*¢ = fraction of incident radiation reaching glass-air surface. 

r. = fraction of radiation reflected at glass-air surface. 

Then (1-%) (1-17,)e-—*4= fraction of incident radiation passing out of 
glass. 

Therefore J = mI,e-*4 
where m=(I-17:) (1-17), and is constant for varying thicknesses of the 
same kind of glass, neglecting multiple reflections within the glass itself. 

Let d: and d.= the thickness in cm. of two samples of the same kind of 
glass. 

J, and J, = the respective intensities of the radiation after passing through 
these samples. 

then J; =m], e—ka: 

Io=mI,, e~kds 


—k(di-d 
Dividing =e ition 


Loge St = - k(d—d&) 


loge nh 
— Is 
d;—dy 
The measurement of d, and d, involves no difficulty, but the 
determination of /, and /, means that the intensity of ultra-violet 
must be measured quantitatively. 


Hence k = 


METHODS FOR MEASURING THE INTENSITY OF INVISIBLE 
RADIATION, 


There are several means for determining the absorption of 
the ultra-violet light in a given medium. The radiometer, ther- 
mopile, and bolometer theoretically can give results with an un- 
certainty of 0.1 to 1.0 per cent. However, temperature changes, 
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air currents, magnetic disturbances, calibrations and general in- 
convenience of manipulation make it desirable in many cases to 
employ the photographic method, which, while not so sensitive, 
may give more positive and reliable results. The uncertainty of 
results in photographic spectrophotometry is usually stated to be 
about 5 per cent., or with special precautions, somewhat better. 
From the practical standpoint this degree of accuracy is quite suffi- 
cient. Furthermore, photography offers several distinct advan- 
tages over any other method: 

1. Less adjustment is required than in any other method. As 
comparative exposures can be made within the short space of two 
minutes, the errors resulting from a change of conditions are 
very small. 

2. Extremely faint lines can be detected and measured. This 
seems to be difficult to accomplish with other methods. 

3. There can be no question as to the exact wave length that 
is being measured, for the spectral lines as they appear on a photo- 
graphic plate are very definitely known. 

4. The photographic plate gives a permanent record of the 
test. 


THE METHOD EMPLOYED IN THIS INVESTIGATION, 


On account of the many variables, such as temperature, time 
exposure and development, uniformity of emulsion, handling of 
the plate during development, etc., all of which enter into pho- 
tography to a greater or less degree, it was at once decided to 
employ a null method. The intention was to interpose the ab- 
sorbing medium in a beam of light of constant intensity and 
expose a photographic plate for a given length of time. The 
medium was then to be removed and the intensity reduced by a 
known amount. Immediately another exposure was to be made 
for the same length of time on the adjacent portion of the plate. 
Since these exposures could usually be made within two minutes 
there would hardly be any change of conditions during the 
process of obtaining the spectrograms, and since the exposures 
were to be made on the same plate, practically no errors would be 
introduced due to the emulsion and the development. 

By making several exposures as above with various reduced 
intensities of the incident beam, a very close watch could be 
obtained between two adjacent images of the same spectral line, 
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and a fairly close estimate of the absorption obtained for that 
particular wave length. For example, if the effect produced by 
the original beam of light after passing through the medium were 
the same as the effect produced by the beam when striking the 
plate after a reduction of 30 per cent. in intensity, the absorption 
of the medium would be 30 per cent. for that particular vave 
length." 

The problem now resolved itself into two parts: (1) to deter- 
mine the equality of the densities of the two adjacent images on 
the photographic plate, and (2) to reduce the incident beam of 
light by a known amount. 

With regard to the first part it might be in order to review 
briefly the characteristics of the photographic plate in so far as 
they affect the problem at hand. The density D of a photo- 
graphic plate is a measure of the amount of metallic silver reduced 
in the film. If the ratio i of the incident to the transmitted 
light is determined by means of a spectrophotometer or a micro- 
photometer, the value of the density may be defined by the for- 


mula,— 


D = logo i 

If the densities of the plates exposed for equal lengths of time 
be plotted against the logarithms of the incident intensities of 
light, the relations shown in Fig. 1 will in general hold. 

The curve is seen to consist of three distinct parts: An initial 
period ab during which the density increases very slowly with 
increase of intensity (under exposure) ; an intermediate period bc 
where the relation is approximately linear (correct exposure) ; 
and a final period cd where increase of intensity causes but slight 
increase of density (over exposure). The straight-line portion 
of the characteristic curve has been made use of in most of the 
quantitative photographic work up to the present time. It means 
that the so-called scale of gradation should be determined for 
each plate that is used for making comparative exposures, Other- 


*Since the completion of this work the writer’s attention has been called 
to an article appearing in Comptes Rendus, December, 1913, page 1065, where 
G. Ribaud describes a photographic null method for determining the absorp- 
tion of ultra-violet by bromine vapor. For reducing the intensity of the 
incident beam of light he used two nicols. 
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wise errors due to development and non-uniformity of plate. 
would be introduced. Such a procedure is necessarily long an 
tedious. In the balanced or null method, however, only a quali 
tative determination of this range of gradation need be made i1 
order that the variation in density may be as great as possible for 
a given variation in intensity. 

The equality of two adjacent images can thus be more easil\ 
judged. It is important to note that long development magnitfie 
the range of densities corresponding to a given range of incident 
intensities. 

Several different kinds of dry plate have been used in photo 


Fic. I. 
D C 
b 
Qa 
I; 
Log 
1, 
graphic photometry. The most commonly used are Seed’s Gilt 


Edge 23, 26, and 30. For the work of the present investigation, 
No. 30 was found to be the most satisfactory; it is quite slow in 
action and is not affected above the D line. For work in the 
visible spectrum the Cramer Tri-Color plate was used. The 
Wratten Pan-Chromatic and M plates are also recommended. 
These pan-chromatic plates are ordinary plates which have been 
treated with certain dyes called sensitizers. 

Ultra-violet light acts chiefly on the surface of the plate, while 
the visible light acts more evenly throughout the layer. In any 
case it is best to use a metol-hydro-quinone developer, which is 
noted for its action on the whole emulsion at once, depositing 
black silver throughout the layer, rather than only on the surface 
as in the case of other developers. 
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OPTICAL ARRANGEMENTS. 


Now in order to study the absorption of definite wave lengths, 
it is necessary to have a constant source of ultra-violet light, and 
to disperse a beam of this light into its spectrum. Furthermore, 
the optical system must be as transparent as possible to ultra- 
violet light. ‘This means that only fluorite or quartz lenses and 
prisms can be used, There are two ways of obtaining the spec- 
trum for photographic processes. The first one is to use a spectro- 
eraph with its quartz prism. The instrument is very compact and 


FiG. 2. 


Sih vAaTienw 


PLan 


Arrangement of apparatus. 


easy to manipulate. However, the Rowland concave grating 
method offers several distinct advantages. In the first place it 
gives greater dispersion and in the second place the distances be- 
tween lines as measured on the plate are proportional to the dif- 
ferences in wave length of these lines. 

For these reasons it was decided to use the concave grating 
method. The arrangement of apparatus is shown in Fig. 2, 
which is drawn to scale. A is the source of ultra-violet, namely, 
a 220-volt quartz mercury lamp, which was found to operate with 
great constancy after twenty minutes; B is a speculum metal 
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plane mirror for directing the beam of light horizontally. Spec- 
ulum metal does not reflect the extreme ultra-violet very well, 
but as glass absorbs this extreme radiation totally, this failing 
was of no consequence. JL is a wooden partition between the 
lamp compartment and the room containing the grating. C is a 
small hole in this partition, which contains an ordinary camera 
shutter with operating bulb. By this arrangement and a stop 
watch the time of exposure could be accurately observed within 
one-fifth of a second. JD is a holder for the absorbing medium 
E isa 1% inch diameter quartz lens with a principal focal length 
of 8 inches. By this means the image of the quartz burner could 
be sharply focused on the adjustable slit F. K is the usual track 
for maintaining the system in focus. G is a Rowland concave 
grating 3.3 cm. long by 2.2 cm. wide. The number of lines per 
inch is approximately 12,380 and the radius of curvature 1 meter. 
H is the camera box, J the photographic plate, in front of which 
is a partition with a horizontal slit % cm. high for the purpose of 
limiting the height of the spectral lines; and J is a slow-motion 
screw for the final adjustment of the focus. 


THE ABSORBING SCREENS. 


The second part of the problem, namely, reducing the intensity 
of the incident beam of light by a known amount, involved a little 
difficulty. The intensity could not be altered by varying the dis- 
tance from the source, nor could an iris diaphragm be used on ac- 
count of the resulting unequal illumination of the grating. The 
simplest and, at the same time, the most positive means of reducing 
the intensity was to interpose a square-woven wire screen in the 
beam of light. The resulting integral effect of light thus reduced 
in intensity was tested out in a preliminary way by using ordinary 
wire gauze sieves. The results were so encouraging that it was 
decided to make up a set of these screens giving a range in trans- 
mission of from 5 to 95 per cent. Upon consulting manufac- 
turers’ catalogues, it was found that the maximum per cent. 
transmission that could be obtained in any such screen was about 
75, and the minimum about 20. A large assortment of samples 
of brass and copper wire gauze was obtained and transmissions 
roughly determined on a Lummer-Brodhum photometer bar. It 
was thus found necessary to make up special screens for trans- 
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missions below 20 per cent. and also for 70, 80, and go per cent. 
[he low transmission screens were easily made by combining 
screens, but the high transmission screens required fine wire to be 
carefully spaced and soldered on a rigid frame. All the available 
cauzes were also soldered on a brass ring two inches in diameter 
in order to insure flatness and to facilitate handling. The absorp- 
tions of these screens were then very carefully obtained on the 
photometer bar. The results are shown in Table I. 


TABLE I. 

MesH_es Per INCH. Per CENT. TRANSMISSION. 
Combination of screens 3.00 
Combination of screens 9.13 

100 19.2 
30 22.8 
140 29.9 
33-5 
30.0 
38.6 
47.2 
53.0 
60.2 
71.4 
So. 1 
01.6 


The reason that screens of the same mesh did not give the 
same per cent. transmission is of course because of the different 
diameters of the wire. It is best to have the number of meshes 
per inch 20 or over, in order to give a better integral effect. Pre- 
liminary tests showed that, in order to insure uniform density 
{ the image on the plate, it was best to incline the wires 15 
to 30 degrees from the vertical (keeping the screen always per- 
pendicular to the beam of light), otherwise it was often pos- 
sible to observe streaks on the images. It is also desirable, in com- 
bining two or more screens, to place the screens some distance 
apart. 

DESCRIPTION OF THE TESTS. 


Preliminary Tests—The mirror and quartz lens were ad- 
justed so as to give a vertical image (about 3 mm. wide) of the 
quartz tube on slit F. The grating was then adjusted by means 
of slow-motion screws to give uniform illumination of the spectral 


ye 
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lines on a ground glass at J. To secure the final adjustment ot 
the images of the spectral lines the slit F was first moved on the 
track K to give approximate focus, the final focus being obtained 
by means of the slow-motion screw J. 

Photographs were taken using a slit width of 0.10 mm. for 
the purpose of testing the adjustment of the mounting. The 
results showed good optical arrangements, but in the case of 
exposures of over 30 seconds there seemed to be a faint con- 
tinuous spectrum (see Plate IV)? which apparently was not duc 
to dispersion but to light reflected from the bright parts of the 
grating as well as from grating lines themselves. Black paper 
fixed over the grating fixtures eliminated a considerable part of 
this stray light, but not all. However, this trouble was of no 
great consequence. 

In order to map the spectrum the distance between known 
lines on the plate were carefully measured. The mean of several 
measurements showed that each centimetre was equivalent to 
20.02~4. With the aid of Table IIT, which was compiled from the 


TABLE II. 
Arc SpectruM LINeEs or MErcurY. 


Wave Lengths in sz. 


709.23 404.07 292.54 
708.24 398.40 289.36 
690.81 390.05 275.98 
671.06 300.35 275.29 
623.46 366.29 209.89 
615.20 365.48 205.54 
612.37 305.03 205.38 
6007.30 339.05 205.22 
588.91 334-15 257.63 
579.05 313.19 253-57 
576.96 313.10 253.49 
540.07 312.58 248.39 
491.04 302.75 248.28 
435.86 302.50 248.21 
434.76 302.34 240.41 
407.80 302.15 244.09 
pe Ea 205.74 239.94 
ieacaa Stalag 237.84 

ic is 230.27 


*In the appendix will be found a number of typical spectrograms. 


Sept. 1014.1 MEASURING ULTRA-VIOLET ABSORPTION. 309 


any line 


latest data, it was then a very simple matter to identify 
on a spectrogram. 

A large number of spectrograms were taken in order to ob- 
tain the absorption of various samples of glass qualitatively; 
that is, to determine the minimum wave length that could get 
through. It was found that in most cases an exposure of five or 
ten seconds was sufficient to bring out nearly all the lines, but in 
many instances it was necessary to expose for 60 or even 120 
seconds in order to bring out the minimum line very faintly. 

This is a point that does not seem to have been greatly em- 
phasized by other workers in this field, and is probably the reason 
why so many glasses are said to be better than they are actually. 
Another point to be looked out for in the matter of obtaining 
the minimum wave length transmitted, is the proper width of 
slit. With a slit width of 1 mm. the excessive stray light at long 
exposures obliterated any faint lines that would show with smaller 
slit widths. In order to secure the best results the slit width 
should never be more than about 0.3 mm. when dealing with very 
faint lines. 

Absorption Tests—For making the quantitative absorption 
tests it was decided to use some ordinary plate glass. A dozen 
pieces (2 inches x 4 inches) of such glass (marked “‘ American ”’) 
were cut from the same plate in order to insure uniformity of 
test specimen in case of breakage; also to insure homogeneity in 
the case of varying thickness. 

The receipt used in making this glass was as follows: 


NS REND eA euic owe Ue ak walk SEEN lbp 6 9008 ta 
RM MEY ais ane score ale's ak ew eagle ie Bearncesie ba oS aoe 38 
RE SINE <-> Siew dks ie ees Hien oy oleae Cn 28 


DI as dacs oss ic 


The transmission of a single thickness of this glass in the 
visible spectrum of a tungsten lamp burning at 1.25 watts per 
candle was found on the photometer bar to be 90.2 per cent. 

First of all the glass was tested for the minimum wave length 
transmitted (see Plate XI). The absorption of the various wave 
lengths was obtained in the following way : 

The initial intensity of the beam of light was reduced either 
by throwing the image off the slit, or by interposing an absorbing 
screen. As the intensity was kept constant throughout any given 
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test, no further account need be taken of this reduction in intensity 
except as a matter of record. It was found necessary to reduce 
the intensity in order to increase the time of exposure in the ver) 
strong lines to 5 or 10 seconds, so as to minimize the error due to 
observing the time of exposure. 

Next the camera box H was slid along the track until the 
desired part of the spectrum was thrown on the photographic 
plate. The test specimen of glass was interposed in the beam 
of light and a series of exposures of varying time with one mm. 
slit was made in order to determine for each line the correct time 
of exposure to give a rather faint image of the line so that any 
change in intensity would cause considerable change in density. 

After a study of the proper time of exposure had been made 
for each important line, a series of spectrograms were taken, 
keeping the time of exposure constant, and substituting for the 
test specimen a series of absorbing screens in order to determine 
approximately the range of absorption for each prominent wave 
length. When the glass was interposed in the beam of light care 
was always taken that the path of the reflected beam coincided 
with the path of the incident beam so as to be sure that the image 
on the slit was not displaced. 

With a knowledge of the proper time of exposure and the 
approximate absorption for each wave length it was then merely 
a matter of taking some final spectrograms of the glass and 
absorbing screens. 

The above procedure was carried out for a single thickness 
of “ American ”’ glass, and then for a triple thickness obtained by 
clamping three single thicknesses together. In order to elimi- 
nate reflection at the inner faces, a few drops of chloral hydrate 
in a solution of glycerine was placed between the glasses. This 
solution having practically the same index of refraction as ordi- 
nary glass, eliminated the effect of the inner faces and gave a 
practically homogeneous medium. 


RESULTS OF TESTS. 


Table III gives the results of the absorption tests on ‘ Amer- 
ican”’ plate glass. The first horizontal line in each set of data 
gives the wave length; the vertical columns, the range of per 
cent. of transmission (the minimum always being given in the 
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) first space) and the last horizontal column in each set, the per 
€ cent. transmissions as estimated by the eye from the final tests. 
\ ; \t first, a binocular microscope was used, but this arrangement 
0 : offered so little improvement that it was abandoned in favor of 
g the naked eye. 
~ : TABLE III. 
. a RESULTS OF TESTS—OBSERVED DATA. SINGLE THICKNESS OF GLAss. 
0 : aes 
aed 192 436 408 405 391 365 334 313 302 
= 7 | aan, 
4 Ol SANS Paes er OO-EO0!.....-; GO-200 | 50-100} 39-S3.|.--... | ee 
§ Oe Pere Chores Prec s teres eo er ee ee eae min. oO 
4 49 80-100 | 80-100 | 80-100 80-100 60-100 39-47 
52 —g2 —g2 <. . a? ee Ss BESS 
53 —g2 —g2 —g2 —g2 =O |... Kea 
54 80- 8o- a ee eee tl A Earp 
d 55 a, a Cer OO-O2 | ...... i oe a ee Be rhe rete 
<4 3 Sy SS Care See eal eee es Oa a eee 0.3-3.0 9) 
. 62 80-92 | 80-92 | 80-92 80-92 71-92 | 39-47 |.... ones 
> . Est’d. fs 88 88 86 86 77 46 1.5 o 
. : Triple Thickness of Glass. 
: : ; 
z 66 47-30 1GO-7I | 47-GO ji ......- 47-7 rive maa 
3 71 80 | 60-80 | 60-80 | 60-80 |...... 53-60 g-20 
3 72 80-85 | 80- 70-80 | 80- | =—70 | 53-60 
: Est’d. 80 80 77 80 67 57 12 
7 TABLE IV. 
4 CALCULATED RESULTs. 
iW ante’ h le ki ke k ’ I-m 
Lengtn 
4 320 O13 077 4.45 7-53 2.80 0.800 
325 035 see. b-.. Seo es 1) era 2.45 Scan 
330 075 315 2.65 3.38 2.25 .320 
335 135 .482 2.04 2.13 1.96 sok 
340 218 .505 1.55 1.68 1.50 060 
350 367 671 1.02 1.17 947 
360 490 743 728 0.872 654 071 
380 675 832 402 0.540 325 069 
400 757 868 284 0.416 220 oo! 
420 790 878 240 0.378 164 o7I 
440 800 880 228 374 150 074 
4 Che plotted transmissions are shown in Fig. 3. 


In Table IV are shown the calculated results derived by using 
the values of J, and J, (obtained from these transmission curves ) 
in the formule on page 313. 
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I, 
loge = 


k= — (Absolute coefficient of absorption). 
ad, — G2 
To 
loge 7 
ki = ; (Apparent coefficient for thick glass). 
aq 
To 
loge z 
ky = — , * (Apparent coefficient for thin glass). 
2 


(Where m equals the fraction of radiation remaining, sub- 


6 
loge m = loge =—+ kd : , 
' way 7 tracting amount lost due to reflections). 


In these formule J. is taken as unity. Fig. 4 shows the 
plotted calculated values of the absorption coefficients and curve 
C (Fig. 3) shows the plotted values of the per cent. reflection. 


DISCUSSION OF RESULTS. 


As was to be expected from the previous theoretical con- 
siderations, the apparent coefficient of absorption for the thin 
glass was greater than for the thick glass, and at very high 
absorptions these coefficient curves appeared to merge into each 
other. The broken part of the curve 4 will be referred to below. 

The reflection curve C (Fig. 3) is dotted below wave lengths 
340 on account of the fact that the relative values of the observed 
transmissions in this region are probably in great error. For 
example, it was found that the per cent. of transmission in the 
thin glass for the 313th line lay between 0.3 and 3.00 and was 
roughly estimated at 1.5. In the case of thick glass this line was 
so faint that no estimate could be obtained. Consequently, the 
ratio of the transmissions was indeterminate at this point, and 
not very accurate at other points of this end of the transmission 
curves. 

Now the reflection curve is practically a straight line through- 
out the part of the spectrum that was measured quite accurately 
for absorption. This fact showed that there was no selective 
reflection in this region, and since there are no data to show that 
glass reflects selectively any radiation which it can transmit, the 
straight part of this reflection curve was extrapolated as shown by 
the broken line ac. With the constant value .068 for (1-m), and 
therefore 0.932 for m, the absolute coefficients k were calculated 
from the following formule: 
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I; 
loge 4 

k= 3 7 (Absolute coefficient of absorption). 
oo <2 
Io 
loge : 

ki = 7 ! (Apparent coefficient for thick glass). 
qa 

To 
loge = 

k= * (Apparent coefficient for thin glass). 


7 ds 


(Where m equals the fraction of radiation remaining, sub- 


I; 
loge m = loge —+ kai ; ; 
ve wan tracting amount lost due to reflections). 


In these formule Jo is taken as unity. Fig. 4 shows the 
plotted calculated values of the absorption coefficients and curve 
C (Fig. 3) shows the plotted values of the per cent. reflection. 


DISCUSSION OF RESULTS. 


As was to be expected from the previous theoretical con- 
siderations, the apparent coefficient of absorption for the thin 
glass was greater than for the thick glass, and at very high 
absorptions these coefficient curves appeared to merge into each 
other. The broken part of the curve 4 will be referred to below. 

The reflection curve C (Fig. 3) is dotted below wave lengths 
340 on account of the fact that the relative values of the observed 
transmissions in this region are probably in great error. For 
example, it was found that the per cent. of transmission in the 
thin glass for the 313th line lay between 0.3 and 3.00 and was 
roughly estimated at 1.5. In the case of thick glass this line was 
so faint that no estimate could be obtained. Consequently, the 
ratio of the transmissions was indeterminate at this point, and 
not very accurate at other points of this end of the transmission 
curves. 

Now the reflection curve is practically a straight line through- 
out the part of the spectrum that was measured quite accurately 
for absorption. This fact showed that there was no selective 
reflection in this region, and since there are no data to show that 
glass reflects selectively any radiation which it can transmit, the 
straight part of this reflection curve was extrapolated as shown by 
the broken line ac. With the constant value .068 for (1-m), and 
therefore 0.932 for m, the absolute coefficients k were calculated 
from the following formule: 
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rf 
loge m — loge i 
0 
k = d, 
loge m — loge i. 
k= - 


d, 


2 


These corrected values of k are shown in Table V. Since 
both J, and J, were considerably in error, two different values oi 
k were found, one for each thickness of glass. Furthermore, 
this correction was obtained by correcting only the m term of 
the above formulz. Hence the results would still be in error, 
but by taking the averages the doubtful end of the absolute coeffi- 
cient of absorption curve could be better drawn in as shown by 
the broken lines in Fig. 4. 


TABLE V. 
CORRECTED VALUES OF k. 


Wave Length | k (0.341 cm.) k (6.978 cm.) Average k 
| 
320 7.32 | 4.38 5.85 
330 | 3.18 2.58 2.88 
335 1.93 1.97 1.95 
340 1.47 1.48 1.48 


As to the accuracy of the observed data, it can be stated that 
the eye was able to detect without difficulty a 10 per cent. change 
in the intensity; and that, therefore, with sufficient screens the 
estimated transmissions were in error not more than 5 per cent. 
It was very likely that a microphotometer would decrease this 
figure considerably. As the source of the ultra-violet did not 
fluctuate more than 1 per cent. within the space of three minutes, 
and as the time of exposure was correct, within 1 per cent., these 
errors were comparatively too small to have any effect on the 
results. 

SUMMARY. 


1. The photographic null method as described gives coeff- 
cients of absorptions easily to within 5 per cent. 

2. To secure the best results the intensity of the transmitted 
beam of light and the time of exposure should be such as to give 
a light gray image on the photographic plate. 
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The time of exposure should be 10 seconds or over. 

4 No shadows of the wires of the screens should appear on 
the grating. 

5. In working with very faint lines the slit width should not 
be more than 0.3 mm. nor less than 0.2 mm. 

In conclusion, the authors wish to express appreciation to 
Dr. J. P. Jackson, Commissioner of Labor of Pennsylvania, and 
Dean of the School of Engineering of The Pennsylvania State 
College, for aid given in starting these experiments and interest 
taken in the results obtained. 


APPENDIX. 


In this appendix are shown a number of typical spectrograms 
(Plates XIII, XIV, and XV) for obtaining absorptions quanti- 
tatively, as well as several spectrograms for illustrating the trans- 
parency of various colored glasses to ultra-violet light. It must 
be remembered that no final conclusions can be drawn from the 
prints, for it is practically impossible to reproduce the faintest 
lines of the negative. In all cases the results were obtained from 
the photographic plate and never from a print. 

Plate I is a spectrogram of the mercury arc spectrum show- 
ing the principal lines (in ww) for reference. This plate was 
obtained from the quartz mercury lamp without its glass globe, 
and wherever “ quartz ”’ is mentioned as the absorbing medium, 
it means that the spectrogram was obtained from the bare mer- 
cury arc; i.¢c., with the quartz tube as the only absorbing medium. 

Plates IT and XI show how important it is to increase the 
time of exposure until no more lines appear on the spectrogram. 
With the apparatus used it was found that an exposure of 120 
seconds was sufficiently long to bring out the line of minimum 
wave length in all of the glasses tested, whether high or low in 
the transmission of visible light. In most cases, however, it was 
found that exposures of 30 or even 10 seconds were quite long 
enough. 

For the sake of comparison the times of exposure in Plates 
XII a, b, c, and d were all 120 seconds. The data giving the per 
cent. transmission for tungsten light at 1.25 watts per candle was 
readily obtained by means of a flicker photometer. In looking 
over the data obtained, in regard to the minimum wave length 
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transmitted, some very interesting results may be noted. F 
example, the faint pink of No. 4 transmits practically as muc 
ultra-violet as the light blue of No. 20. Since both glasses hay 
approximately equal transmissions for visible light, it was to b 
expected that the one nearer the red end of the spectrum would 


PLATE XII a. 
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N \ rbing Medium for Tungsten Line. 
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ed glas 4.1 
17.8 
50.1 313 
35 334 
54-3 334 
78.0 546 
« V 738.8 313 


cut off more ultra-violet, but this case clearly shows that no 
dependence may be placed on the color of the glass. Again 
Nos. 7 and 8 of very nearly the same shade of yellow show widel) 
different degrees of transmission of ultra-violet, the “* Noviol 
not transmitting even all of the visible wave lengths, while the 
other light yellow glass transmits as far down as the 313th line 
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‘Euphos”’ glass No. 11 cuts off the ultra-violet very sharply at 
105, but “ Nultra”’ glass appears to be better from a practical 
standpoint, for it barely transmits the 365th line (less than 1 
per cent. by actual test) and absorbs only 15 per cent. of the visible 
ight. The most remarkable glass of all is the orange-yellow of 
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o. 5 (also see Plate VI), which appears to transmit selectively 
between 334 and 405, although its greatest transmission 1s at the 
ther end of the spectrum. 
Such examples as those cited above show very conclusively 
hat the protective property of a glass cannot be judged by mere 
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The only safe conclusion in regard to the transmission of 
glasses for ultra-violet light is that there does not seem to be 
any glass which transmits below the 302th line, and which does 
not therefore cut out what is generally conceded to be the ex- 
tremely harmful rays. However, until more conclusive data ari 
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17. Quartz : 
18. Dark blue violet glass.. 2.5 334 
ro. Blue ‘ 8.3 334 
20. Light blue (‘‘ Tungsten’’). 46.1 302 
21. Reddish purple : 23.2 334 

Dark flies! T 14.3 334 


obtained on this matter of the injurious ultra-violet light, every 
protective glass should be tested out at least qualitatively in the 
manner previously described, and those glasses which do not 
absorb almost completely the 365th line should be rejected. 
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OCCURRENCE OF ALDEHYDES IN GARDEN AND 
FIELD SOILS.* 


BY 
OSWALD SCHREINER, Ph.D., and J. J. SKINNER, B.S., 


Fertility Investigations, Bureau of Soils, U. S. Department of Agriculture. 


Tue discovery of salicylic aldehyde ' in a soil from the Mt. 
Vernon gardens, led to a study of the extent to which material 
of this type would be likely to be encountered in soil investiga- 
tions. In extending this study to many soils it was not feasible to 
examine large quantities of each soil, so that it was not possible to 
clearly demonstrate the identity of the aldehyde obtained, but 
it was possible to so treat a sample of soil as to obtain the com- 
pounds of an aldehyde nature contained therein, separated from 
compounds having non-aldehyde properties. This aldehyde ma- 
terial was tested, so far as the quantity permitted, for such re- 
actions as are given by salicylic aldehyde; namely, coloration with 
ferric chloride, and the general aldehyde reactions with fuchsine 
reagent. In all cases the aldehyde was subjected to the physiolog- 
ical test as to its effect on plant growth, using wheat seedlings in 
the well-known manner. It will be well to describe here the exact 
procedure employed in extracting the aldehyde material from the 
soil and the manner of testing the same. 

Twelve to sixteen pounds of soil were used in the examination 
for aldehydes. The soil was extracted with eight litres of a 3 
per cent. solution of sodium hydroxide. The solution was stirred 
for six to eight hours, and, after settling, the liquid poured off. 
The alkaline extract was acidified with sulphuric acid and filtered 


from the so-called humus precipitate. The acid filtrate was 
shaken out with several portions of ether, the ether extracts com- 
bined and shaken with a concentrated aqueous solution of sodium 
bisulphite, which will remove aldehydes from the ether solution 
if present, by forming a water-soluble combination with the 
sodium bisulphite. The bisulphite solution was separated from 
the ether, strongly acidified with sulphuric acid and air blown 


* Communicated by Dr. Schreiner. 


"Shorey, E. C., “ Some Organic Soil Constituents,” Bul. 88, p. 19, Bureau 
of Soils, U. S. Dept. Agric. (1913). 
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through to remove the sulphur dioxide liberated. This acidified 
solution, in which the aldehyde is now liberated from its com- 
bination with the bisulphite, was then shaken with several por- 
tions of fresh ether, the ether extracts combined, and the ether 
removed by evaporation. There was obtained a small quantity 
of material, often resinous or oily in appearance. 

This material was further purified by again taking up in water, 
extracting with ether, and the ether solution, after filtering, 
allowed to evaporate. Sometimes this operation was repeated. 
The purified residue contains the aldehyde material, if present. 

This aldehyde material was treated with a small quantity of 
water. The aqueous solution is frequently colored, and on evapora- 
tion a-yellow oil is often noticeable, as would be the case if sal- 
icylic aldehyde were present. The odor of the latter is also some- 
times observed, although in other cases other odors are percep- 
tible, suggesting other aldehydes. 

The fuchsine reagent was added to a portion of the solution, 
and to another portion a small amount of ferric chloride was 
added. Salicylic aldehyde, as mentioned, gives a violet color with 
ferric chloride and a pink color with the fuchsine reagent. Where 
both these reactions were observed the soil was considered as con- 
taining aldehydes. While the nature of the material is not 
thereby definitely shown to be salicylic aldehyde, yet the manner 
of isolation with ether, extractions therefrom with sodium 
bisulphite, together with the reaction shown with the fuchsine 
reagent, show the material to be an aldehyde, and the physical 
character of fluidity and the reaction with ferric chloride make it 
quite probable that in most of these cases salicylic aldehyde was 
under consideration. The amount obtained did not permit of 
further identification than is here given, especially as the main 
object was to determine the physiological property of the ex- 
tracted material. 

The main portion of the material, remaining after making the 
above tests, was dissolved or mixed with 250 c.c. of pure distilled 
water and the resulting liquid used as a culture for wheat seedlings 
so as to test the physiological effect of the extracted material 
from the soil. 

In order to study the presence of this aldehyde in soils a 
number of samples were tested. Included in this test were a 
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number of soils sent to this Bureau from time to time by in- 
terested gardeners and greenhouse growers. The soils submitted 
were garden and greenhouse soils, on which the owners had had 
trouble in producing vegetables or flowers. Often the soils had 
grown good crops, were intensively cultivated and heavily 
manured, and later failed. In this respect the conditions were 
similar to those on the Mt. Vernon soil, in which the salicylic 
aldehyde was first discovered. This soil had been used for grow- 
ing flowers and garden plants for a long period of years, had 
been intensively cultivated and heavily manured for a long time, 
had failed to show further response to manure, had been declin- 
ing in productivity, and had been shown to contain salicylic alde- 
hyde in the investigation reported. It seemed, therefore, in- 
teresting to include soils which in some degree had had a similar 
history. 

In addition to this adventitious examination of soil samples a 
similar survey was made with soils collected in the open field by 
the fieldmen of this Bureau under instructions furnished them. 
Accordingly samples of field soils were collected from various 
parts of the United States. A productive sample and an un- 
productive sample of the same soil type, either from the same 
field or at least in the same vicinity, were sent in for the investiga- 
tion. The history of the soils as to crops grown, fertilization, 
drainage, etc., was secured so far as available. 

The results of this examination for the occurrence of alde- 
hyde compounds in soils include good and poor samples from 
many parts of the United States, comprising acid, neutral and 
alkaline soils, soils of different cropping, different texture, origin, 
drainage conditions, climatic conditions, etc. The results of the 
examination of these soils will now be given. 

A total of 74 soils are described in the two following tables. 
Of these, 14 are garden and greenhouse soils which had failed 
to grow good crops, and 60 are field soils under general farming 
conditions. Of these 60, 30 were productive soils and 30 un- 
productive. In this connection attention should again be called 
to the fact that the field samples were collected in pairs, one good 
and the other poor, of the same soil type and from the same 
field or locality. 

These soils were all subjected to the method described for 
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obtaining aldehyde compounds from soils and the material thus 
obtained tested with the reagents mentioned. Five of the garden 
soils and twelve of the field soils gave an appreciable amount of 
aldehyde compounds when thus extracted, and this material gave 
positive reactions with the fuchsine reagent and with the ferric 
chloride. ‘These soils are briefly described in Table I, together 
with the results obtained when the material was tested in the 
manner described with seedling wheat. 

In Table II are given the remaining soils, which gave none 
or only an insignificant amount of extractive material when sub- 
jected to the method of obtaining aldehyde material from soils, 
nor did this extract give the reactions with the above reagents. 
We must conclude, therefore, that the aldehyde material—salicy- 
lic aldehyde or other aldehydes—is either absent or present in 
much smaller quantities in the soils of Table II than in the soils 
given in Table I. 

From Table I it will be seen that the soil aldehyde is in every 
case harmful to growth, as shown in the next to the last column, 
and behaves in this respect like the Mt. Vernon soil (No. 1), 
which has been already more fully described and in which salicylic 
aldehyde of poisonous properties was demonstrated. The effect 
of the soil aldehyde was tested on wheat by growing the plants 
in water cultures. An experiment was made with the aldehyde 
in pure distilled water. The wheat was grown in water in culture 
jars holding 250 c.c. One jar contained pure distilled water, 
and the second contained the water in which was dissolved the 
aldehyde separated from the soil. The plants grew for two 
weeks. The aldehyde was quite harmful, reducing growth about 
37 per cent. Another experiment was made, using a good nutri- 
ent solution with and without the substance. The aldehyde from 
the soil was extremely harmful, even in the good nutrient solu- 
tion; the green weight of the plants was reduced 4o per cent. 
These experiments with the salicylic aldehyde extracted from the 
soil are shown in Fig. 1. The plants show the harmful effect of 
the substance on growth. It will be seen that both tops and roots 
in nutrient solution and in distilled water are badly affected by 
the presence of the salicylic aldehyde. 

In Fig. 2 is shown the effect of this material from soil 
No. 2. This had been used for gardening and trucking for the 
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last ten years, and had been manured each year with poultry 
manure and commercial fertilizers. The soil in the last two years 
produced poor vegetables and truck crops, and corn failed en- 
tirely. The soil is grayish yellow in color, is quite acid, and 
is low in organic matter. The separated aldehyde extract was 
harmful to growth of wheat seedlings, causing a decrease of 33 
per cent. 
Fic. 1. 


Effect of salicylic aldehyde extracted from Mt. Vernon garden soil on wheat seedlings. 
(No. I, nutrient solution; No. 2, nutrient solution plus salicylic aldehyde; No. 3, distilled 
water; No. 4, distilled water plus salicylic aldehyde.) 


In Fig. 3 is shown the effect of the aldehyde extract from a 
soil (No. 4, from Chester County, Pennsylvania) showing an 
alkaline reaction. This soil had been growing vegetables and 
truck crops for 20 years with frequent use of commercial fertil- 
izers. Corn, cabbage, and cantaloupes had failed in certain sec- 
tions of the field for the last two years, whereas formerly the 
soil grew excellent truck crops of all kinds. The soil and sub- 
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soil were quite alkaline to litmus paper, and both showed the 
presence of considerable aldehyde material. This reduced growth 
of the test plants by 26 per cent., both tops and roots being 
severely injured. 

The heavily manured greenhouse soil (No. 5, Table I) is par- 
ticularly interesting in that considerable aldehyde was found 
therein, whereas neither the raw soil (No. 8, Table II) nor 
similarly treated soil which had been used and then weathered 


Fic. 2. 


ldehyde extracted from garden soil (No. 2) from Mechanicsburg, Pennsylvania, on 
owth. (No. 1, distilled water; No. 2, distilled water plus aldehyde.) 
for some time (No. 7, Table Il) contained the harmful aldehyde 
material. This examination was made because the soil in ques- 
tion had been used on benches for floriculture and did not 
give good results. Soil No. 5, Table I, was a composite taken 
from two benches in the greenhouse where carnations and roses 
did not thrive. This contained aldehyde, which when tested with 
wheat seedlings gave reductions in growth of 35 per cent. Soil 
No. 7, Table II, had been previously used for greenhouse pur- 
poses and had been made in the same way by manuring heavily 
Vo.t. CLXXVIII, No. 1065—24 
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the raw soil, but without experiencing any difficulty. Since then 
it had been in a pile outside for several months. At the time of 
testing no aldehyde could be found, nor was the residue obtained 
harmful to the seedling wheat. Soil No. 8, Table II, was some 
of the raw soil as it was hauled from the field previous to the 
incorporation of manure in preparation for greenhouse use. No 
aldehyde could be detected in this soil, nor did such residue as 
was obtained in this procedure show any harmful effect. 


FIG. 3. 


Effect of aldehyde extracted from a poor garden soil (No. 4) on wheat seedlings, (No. 1, 
distilled water; No. 2, distilled water plus aldehyde from garden soil.) 


Soil No, 11, the poor sample of Miami stony loam, contained 
aldehyde, and the depressed growth obtained is shown in Fig. 4, 
together with the effect of the identically extracted good field 
sample. The latter showed no aldehyde reactions, but, as seen 
from the photograph, it was nevertheless, somewhat harmful, 
a fact which is recorded in Table II, under No. 41. 

Soil No. 12, the Ontario loam, poor, from Oneida County, 
New York, together with its good companion sample, recorded 
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as soil No. 42, in Table II, presents an interesting story. In 1907 
both fields were poor, unproductive soils. Both fields were 
manured heavily every year. One field responded to this treat- 
ment, the other did not. 

The field represented by soil No. 42, Table II, grew corn in 
1907, and produced a poor crop. In 1908 the field was manured 
and planted to oats, giving a good yield. It was manured every 
vear after this. In 1909 and 1910 hay was grown with good 


FIG. 4. 


_ Effect of substance extracted from poor and good Miami stony loam on wheat plants. 
No. 1, distilled water; No. 2, distilled water plus material from poor soil containing aldehydes; 
No. 3, distilled water plus material from good soil showing no aldehyde reactions.) 


results, the largest crop being in 1910. In 1911 an excellent crop 
of corn was grown, and in IgI2 oats were again grown with 
good yields. 

The field represented by soil No. 12, Table I, was in meadow 
in 1907, and gave poor yields. In 1908 the field was manured and 
planted to corn, which failed entirely. It was manured every 
year after this without good results. In 1909 oats were planted, 
but made very little growth. In 1910 and Ig1I grass was sown 
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and gave poor results. In 1912 the soil was heavily manured and 
again planted to corn. The yield of stover was very poor and 
no grain was formed. 

The laboratory examination of the two soils showed them 
to be neutral in reaction. The good soil gave no reactions for 
aldehyde when extracted for this purpose, but the extractive 
material was slightly harmful. The poor soil, however, gave 
considerable amounts of aldehyde material, and this was dis- 
tinctly harmful to the wheat seedlings, reducing growth 28 
per cent. 

Soil No. 15, the Salt Lake clay from Cache County, Utah, 
is from a poor spot in an otherwise good field. The remainder 
of the field is represented by soil No. 51, Table II, and was col- 
lected about 35 feet away from the poor spot. The color of 
the soil in the poor spot is light gray, while the good soil is gray 
with a pink tint. This spot is generally bare and seldom pro- 
duces a crop, while the remainder of the field is very productive, 
yielding from 20 to 30 bushels of wheat per acre. The drainage 
in the spot is poorer than the remainder of the field. The sub- 
soil of both good and poor soil is a light calcareous clay. Both 
soils are alkaline in reaction and both showed the same content of 
water-soluble salts (.03 per cent.). The good sample contained 
no aldehydes, and such residue as was obtained proved only 
slightly harmful to wheat seedlings, whereas the poor sample con- 
tained considerable aldehydes, which proved very harmful to 
wheat seedlings in the cultural tests, reducing growth 30 per cent. 

Returning now to a discussion of Table I, as a whole, it has 
been shown that the aldehyde extract is uniformly harmful to 
the test plants. This becomes apparent from the next to the 
last column of the table. 

In the third column is given the field record of the soils as to 
their productivity as designated by the collector. The garden 
soils, as already mentioned, were all soils with which trouble 
of one kind or another had been experienced. In general this 
column shows that the soils containing the aldehyde were also 
poor soils in garden and field, with some few exceptions. In 
this column is found one notable exception, in the Aurora silt 
loam, good (No. 7), from Miller County, Missouri. This soil 
contained aldehyde, whereas the corresponding poor sample 
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(No. 31, in Table II) from another farm gave no indication of 
the presence of aldehyde. This observation was confirmed by 
procuring a new sample 6 months later. The other exceptions 
are in the Norfolk very fine sandy loam (No. 8) and in the 
Dekalb silty clay loam (No, 16), in which aldehyde was found, 
but it will be noticed that in both these cases the poor soil con- 
tained the aldehyde also (Nos. g and 17). It would appear, 
therefore, that both good and poor soil samples contained some 
aldehyde. It might be further pointed out that in both cases 
the greater productivity of the sample designated as good is 
doubtless due to the direct fertilizing value of the applied manure, 
the less productive samples having no manure applied. That 
manure is not antagonistic to aldehyde is indicated by its presence 
in the exceedingly well manured garden soils, in the same table 
(see notes in last column), as well as by some of the field results 
already given. 

Some of the soils given in Table II and showing no aldehydes 
have been discussed in connection with the preceding table. The 
remainder require no further discussion here, inasmuch as no 
aldehyde was found in either the good or poor sample. 

From these two tables it is at once apparent that only a rela- 
tively small number of the poor soils showed the presence of 
aldehyde, which means that the poorness of many of the soils 
in Table II must be attributed to other causes, since soil infertility 
may be due to a great many factors other than the presence of 
toxic compounds, and especially any particular toxic compound. 

The material extracted in the aldehyde method was in all 
cases extremely small, gave no aldehyde reactions, but in some 
cases it proved, nevertheless, harmful. What the nature of the 
harmful substance in these cases was it is impossible to state. 
If aldehyde was present, it was at least so small in amount that it 
escaped chemical detection, nor does the method wholly exclude 
the occurrence at this place of traces of other compounds. In 
the majority of cases the material was not harmful, occasionally 
even showing a slightly good or stimulating effect. 

A total of 74 soils is described in the foregoing tables. Of 
these, 14 were garden and greenhouse soils which had failed to 
grow crops, and 60 were field soils under general farming con- 
ditions. Of these 60, 30 were productive soils and 30 unpro- 
ductive. 
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These soils were all examined for aldehydes. Of the 14 
garden soils, 5 contained aldehydes, and of the 60 field soils, 12 
contained aldehydes. 

(1) dn Soils from Widely Different Sections —The soils ex- 
amined were from various parts of the United States; soils from 
20 States make up the list. They vary from very unproductive 
soils to extremely fertile soils. 

Aldehydes were found in soils from 9 States as widely sepa- 
rated as New York and Mississippi or Oklahoma. Its presence is, 
therefore, not confined to any locality. 

2) In Soils of Different Texture ——The soils in which the 
aldehyde occurred are not soils of any specific type or texture. 
The above list of soils containing the aldehyde comprises clays. 
clay loams, silt loams, silty clay loams, joams, stony loams, fine 
sandy loams, and very fine sandy loams. There is, therefore, no 
apparent relation with soil type or texture. 

(3) In Unproductive Soils—The unproductive soils ex- 
amined can be divided into two classes: (1) Garden soils, com- 
prising soils which have been highly fertilized and manured, 
heavily cropped and intensively cultivated, and later failed to 
produce good crops. This class includes several greenhouse 
soils. (2) Field soils, growing general farm crops with ordinary 
farm methods of cultivation. 

Fourteen poor garden soils were examined, five of which 
contained aldehydes. All of these soils were very unproductive 
and failed entirely or grew very poor garden crops. Nine of 
the 30 unproductive field soils examined contained aldehydes. 

(4) In Productive Soils—Of the 30 productive soils ex- 
amined, 3 contained aldehydes. These were the Aurora silt 
loam, from Miller County, Missouri; Norfolk very fine sandy 
loam, from Pender County, North Carolina; and Dekalb silt 
loam, from Preston County, West Virginia. 

(5) In Acid, Alkaline, and Neutral Soils—It is interesting 
to note that some of the soils which contained aldehydes were 
acid, some neutral, and others alkaline. Three of the garden 
soils (Nos. 1, 2, and 3) were acid, one (No. 4) was alkaline. 
and one (No. 5) was neutral. Of the field soils which con- 
tained the aldehyde, ten were acid, one alkaline, and one neutral. 

(6) In Soils Growing Different Crops.—Four of the soils 
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which were found to contain aldehydes were garden soils and 
had been used for growing garden crops continuously for several 
vears. One was a greenhouse soil and had grown carnations and 


roses. 

Twelve of the soils in which aldehyde was found were used 
for the growth of general field crops. <A rotation of several crops 
was practised on most of these soils. At the time the samples 
were collected three were in grass, four were growing corn, 
three were growing cotton, one was in wheat, and one was fallow. 
These observations, together with the fact that no aldehydes 
were found on other soils growing the same crop, would seem 
to indicate that no close relation exists between the crop being 
grown and the presence of aldehyde. 


Rusting of Iron in Water. W. A. Brappury. (Chem. News, 
cviii, 307.)—Many years ago Crace Calvert concluded that the rusting 
of iron in water was occasioned by dissolved carbonic acid and oxy- 
gen, the former being the predisposing cause, since no action occurred 
in its absence. These conclusions have since been widely supported. 
Experiments conducted by the author show that rusting takes place 
very rapidly in tap-water, while in well boiled tap-water no rusting 
should occur. During rusting atmospheric oxygen is absorbed. The 
solution of iron by carbonic acid should result in the production of 
hydrogen, thus Fe + 2H,CO, = FeH,(CO,),+ H,, but in ex- 
periments with tap-water no gas could be collected after over a week. 
Water saturated with CO, did evolve considerable quantities of gas. 
These experiments confirm the view that rusting is due to the com- 
bined action of oxygen and carbonic acid, and show that the oxygen 
is utilized in two ways: (@) in the oxidation of the nascent hydrogen 
liberated, and (0) in the oxidation of the iron bicarbonate to rust. 
Further tests showed that magnesium chloride solution does not act 
on iron in the absence of carbonic acid, although it has been stated 
that such solutions do react with iron, even in the cold, according to 
the equation—Fe + MgCl, + 2H,O = Mg(OH), + FeCl, + H,. 


se citi ie rok 


344 CuRRENT TOPICs. (J. F.1 


Resistanceless Conductors, Hence Permanent Magnets? 
Anon. (Sct. Amer., cx, No. 25, 497.)—For many years the labora 
tory of Prof. Kammerlingh Onnes at Leyden has been the centre 
from which some of the most important advances in low temperature 
research have been announced. It will be remembered that the 
Dutch physicist was the first to liquefy helium, the most refractory 
of all known gases, and that in the course of the experiments the 
lowest temperature on record, within a degree or so of absolute zero, 
was obtained. Lately attention has been centred on the remarkable 
influence of temperature on the electrical resistance of metals. This 
resistance becomes practically zero before the absolute zero of tem- 
perature is reached. Recent newspaper accounts state in somewhat 
vague terms that remarkable new developments have followed in 
the train of this work on the conduction of electricity at low tempera- 
tures.. The question arises, What happens to an electric current once 
started in a conductor of zero resistance? Its energy is not dis- 
sipated as heat, since the ohmic effect is non-existent. Does the 
current continue to flow indefinitely? If so, a closed loop carrying 
a current would function as a permanent electromagnet. It is said 
that something of this kind has been observed. 


Rolling of Zinc. ANon. (The Metal Ind., xii, No. 6, 247.)— 
Experiments have been made in Belgium to ascertain the effects of 
foreign metals on the rolling of zinc. Ingots weighing 40 pounds 
were prepared by casting zinc alloys of various metals, with spelter 
containing lead 1.05 to 1.25 per cent., cadmium 0.076 to 0.11, and 
iron 0.03 to 0.039 per cent. Cadmium is harmful above 0.25 per 
cent., while with 0.5 per cent., rolling is impossible. Arsenic, 0.02 
per cent. markedly increases the hardness, and with 0.03 per cent. 
the metal is too brittle for practical purposes. Antimony is less ob- 
jectionable than arsenic, as 0.07 per cent. does not increase the hard- 
ness; but 0.02 per cent. is enough to produce a striated surface on 
the rolled sheet, which makes it unsalable. Tin is objectionable when 
over 0.01, and prohibitive at 0.03 per cent. Copper does not harden 
until it reaches 0.08, and with 0.19 per cent. the zinc is unworkable. 
A permissible maximum of iron is 0.12 per cent., but this is easily 
reduced in refining. Though 1 to 1.25 per cent. of lead does not 
interfere with the rolling, a slight increase not only seriously affects 
the malleability, but the excess of lead remains unalloyed and forms 
patches on the sheet. The presence of two or more impurities to- 
gether results in a combination of the injurious effects of each. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


COMBUSTION CALORIMETRY AND THE HEATS OF COM- 
BUSTION OF CANE SUGAR, BENZOIC ACID, 
AND NAPHTHALENE.'* 


Hobert C. Dickinson. 


THE uniform standardization of combustion calorimeters of 
the Berthelot bomb type can best be accomplished by the com- 
bustion of substances having a known heat of combustion. 

Part Il of this paper deals with a series of determinations 
of the heats of combustion of three of these substances,—sugar, 
benzoic acid, and naphthalene,—while Part I deals with a study 
of the general problem of the bomb calorimeter. 

A critical study of the stirred water calorimeter as used for 
bomb combustion shows that the sources of error are mainly of 
four kinds; viz., (1) temperature measurement, (2) evaporation, 
(3) lag effect (7.e., failure of some parts of the system to reach 
a steady condition with sufficient speed), and (4) uncertainties 
as to the boundaries of the calorimeter (7.¢., as to what portions 
should be included in its heat capacity). It is shown that most 
of the errors may be avoided by the use of resistance thermome- 
ters and by the proper construction of the calorimeter and its 
jacket. 

The cooling corrections for a calorimeter, designed in accord- 
ance with the conclusions reached, can be made by a very simple 
procedure and with an accuracy corresponding to perhaps I part 
in 10,000 of the total amount of heat measured. 

A method of electrical calibration was used, which enables 
the results of combustion observations to be expressed directly 
in calories almost independently of the electric units, or, if the 
heat capacity of the electric heating element used in the calibration 
is known, to be used to check serious errors in either the calori- 
metric system or the electrical calibrating system. 

Observations have been made with two different calorimeters 


* Communicated by the Bureau. 
‘Scientific Papers of the Bureau of Standards. 
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built especially for the purpose and each calibrated by the above 
method several times independently. Both calibrations and com 
bustions cover a period of more than three years during which 
time hundreds of observations have been made with different 
electrical equipment, and samples of material obtained from dif- 
ferent sources and purified at different times and in different 
ways. 

Determinations of the heat of combustion of naphthalene gave 
9622 +2 20° calories per gramme weighed in air, with a maximum 
deviation from the mean of about 5 in 10,000 for groups of 
observations upon the same samples and about the same maxi- 
mum deviation of different groups of observations from the mean 
of all; regardless of the sample. 

Determinations of the heat of combustion of benzoic acid 
gave 6329+1 20° calories per gramme weighed in air, with a 
maximum deviation of about 1 in 1000 for the earlier experiments 
and 5 in 10,000 for the later ones. Observations taken on samples, 
some by no means pure, from different sources, show a maximum 
deviation of 15 in 10,000 and a mean deviation of 7 in 10,000. 

Determinations of the heat of combustion of sucrose, fewer 
in number, gave 3949+ 2 20° calories per gramme weighed in 
air. The later observations show a maximum deviation of a 
little less than 1 in 1000 and a mean deviation of about 3 in 10,000, 
though the earlier ones show a maximum deviation of 15 in 
10,000. 

It appears that, of the three materials included in this investi- 
gation, benzoic acid is the most desirable as a combustion stan- 
dard, as indicated by the agreement between the results of differ- 
ent observers. Naphthalene has been found very reliable and 
convenient, although it requires care in handling since a gramme 
briquet will lose more than 1 milligramme per hour by sublima- 
tion. An accuracy of 3 parts in 10,000 is attainable. 

Sucrose seems not to be so well adapted for use as a combus- 
tion standard as is benzoic acid because of its lower heat of com- 
bustion, its frequent failure to ignite, and the lower precision of 
the results obtained. 

Various factors, viz., temperature measurement, stirring, 
thermal conduction, convection, boundaries of the calorimeter, 
cooling corrections and lag effects, affecting the accuracy of calo- 
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rimeters, are discussed and some of the principles involved in the 
design of an accurate calorimeter are pointed out. 

An electrical method used in the calibration of bomb calorim- 
eters is described and discussed. 

The results of an extended series of determinations of the 
heats of combustion of sucrose, benzoic acid, and naphthalene 
are tabulated and discussed. 

The paper also contains a partial bibliography of the subject. 


[ ABSTRACT ] 


THE TESTING OF POTENTIOMETERS.* 
Frank Wenner and Ernest Weibel.’ 


For precise measurements with a potentiometer the errors in 
the adjustment of the resistance sections or coils in the apparatus 
must be known. These errors can be determined by measure- 
ments of the resistances of the various sections, but, without some 
systematic method of applying corrections, are not easily allowed 
for in the use of the potentiometer. 

We have found that it is convenient to express the relation 
between the known electromotive force, the unknown electro- 
motive force, the readings and the corrections by the formula 

E=f [(at+aq)+(e2ta:)tete.] (1 +bt+e+d).... (1) 
where 

E is the value of the unknown electromotive force, 

f is the range readings, 

e, is the reading of the highest dial, 

e, is the reading of the next highest dial, etc., 

. 


c=- * where S is the value of the known electromotive 


force and s is the reading of the known electromotive force dial 
or dials, and 
b, d, a, and ag, etc., are small corrections due to errors in the 


adjustment of the various resistance sections. 

The correction a, depends only on the reading ¢,, a, depends 
only on és, etc., b depends only upon the reading s, and d depends 
only upon f. A table can therefore be constructed for each dial 


* Presented at the Washington, 1914, meeting of the American Physical 
Society. 
‘Scientific Papers of the Bureau of Standards. 
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giving the corrections corresponding to each of its possible 
readings. 

Let Re be the resistance in the potentiometer between the 
E-terminals and ‘Rs that between the S-terminals. Then if the 
total current is independent of the settings of the various switches 
or plugs, 


E=S R./R =f [(e: + a1) +(e: t+ az)+ ete.) (1+b+etd).... (2) 


Thus if Re/Rs is determined for the various readings of f, of 
e and of s the corrections b, d, a,, dy, etc., can be determined. 

In the paper various methods which have been used in the 
Bureau of Standards for measuring, or determining, the relative 
values of the resistance sections of different types of potentio- 
meters are described. Also a procedure is given by which, for 
certain types of potentiometers, the corrections b, d, a,, ds, etc., 
may be obtained from the relative values of the resistance sections. 

In order to reduce the time required for making the measure- 
ments and to obtain the data in such form that the corrections can 
be more easily calculated, a special piece of apparatus was con- 
structed and has been in use during the past two years. This 
apparatus, which we shall call a ratio set, has been found to 
furnish a rapid and direct means for calibrating all types of 
potentiometers which have so far been submitted to the Bureau 
of Standards for test. It is equivalent to 211 110 resistance sec- 
tions of .o1 ohm each, connected in series and so arranged that 
a branch connection (either to battery or galvanometer) can be 
made between any two adjacent sections; or it is equivalent to a 
slide wire on which contact can be made at 211 110 points. The 
apparatus is made of 100 resistance sections, 20 of each of the 
following denominations ; 100 ohm, 10 ohm, .1 ohm, and .o1 ohm. 
Five dial switches serve to shift resistance sections from one side 
to the other of the branch connection, or to cut out sections on 
one side and insert corresponding sections into the other side. 

In use the ratio set is connected in parallel with the potentio- 
meter to be tested in such a way as to form two arms of a bridge, 
while the potentiometer forms the other two arms. This arrange- 
ment constitutes a Matthiessen and Hockin bridge. The ratio set 
is adjusted so that a balance of the bridge is obtained for each 
setting of the dials of the potentiometer for which corrections are 


ou 
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desired. The corresponding readings of the ratio set (when con- 
nected for known errors in its resistance sections) give data from 
which the corrections b, d, a,, dy, etc., of equation (1) may be 
calculated. 

Certain adjustments are made (which cannot be explained 
in a short abstract), such that the corrections are obtained almost 
directly from readings of the potentiometer and ratio set. 

The paper is to be published in the Bulletin of the Bureau of 
Standards and reprinted as Scientific Paper No. 223. Reprints 
will be ready after about September 1, 1914, and may be obtained 
by request from the Director, Bureau of Standards, Washing- 
ton, D. C. 


[ ABSTRACT] 


AN EXPERIMENTAL STUDY OF THE KOEPSEL 
PERMEAMETER.* 


Charles W. Burrows. 


TuiIs paper gives in detail the results of an experimental 
study of the possibilities and limitations of the Koepsel per- 
meameter, Data are given to show the influence of the length, 
cross section, and material of the specimen tested. The different 
factors which may affect the accuracy of the readings are con- 
sidered, and the following detailed conclusions drawn: 

1. Readings on the two sides of the zero of the instrument 
may differ considerably, but the mean of the two values thus 
obtained shows satisfactory consistency on repetition. 

2. Shearing curves for different grades of material show that 
the correction to be applied to the observed magnetizing force 
is not constant for a given induction, but depends upon the nature 
of the test specimen. This correction is usually subtractive for 
points below the knee of the induction curve and additive for 
points above the knee. 

3. An increase in the cross section of the test specimen tends 
to increase the observed values of the magnetizing force for 
points below the knee of the induction curve, and to decrease the 
observed values for points above the knee. 

4. The length of the specimen projecting beyond the yokes 
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produces no noticeable effect for points below the knee of the 
induction curve. For points above the knee the projecting end; 
increase the observed value of the magnetizing force. 

5. If the bushings are not pushed all the way into their proper 
position, a higher apparent value of the magnetizing force is 
observed due to the increased length of the portion of the bar 
under test. 

6. Hysteresis loops obtained by the Koepsel permeameter 
always show a low observed residual induction and a high 
observed coercive force. 

7. theoretical and experimental study of the distribution 
of the magnetic fluxes through different parts of the magnetic 
circuit shows that shearing curves of the form observed are to 
be expected. 

Apparatus of this type, if used without correction, may yield 
data greatly in error. The results of the present study show 
that for small and moderate inductions the measured magnetizing 
force is usually in excess of its true value, sometimes by as much 
as 100 per cent. At high inductions the measured magnetizing 
force is usually too low by an error which may be as great as 
25 percent. However, with care, and the use of proper correction 
curves, the apparatus is capable of yielding quantitative normal 
induction data in which the error in the magnetizing force is not 
greater than 5 per cent. 

Uncorrected hysteresis data for hard steel show values of the 
residual induction that are too small by an error which may be 
as much as 10 per cent., while the coercive forces are too large 
by an error which may be as much as 40 per cent. 

The chief value of such an instrument is for comparative work 
in which it is desired to determine the degree of uniformity of 
material or the relative values of similar materials. 


SAFETY RULES TO BE OBSERVED IN THE OPERATION AND 
MAINTENANCE OF ELECTRICAL SUPPLY UTILITIES AND 
IN HANDLING ELECTRICAL EQUIPMENT.* 


Tue study of life and property hazards incident to the genera- 
tion, distribution, and use of electrical energy includes the con- 


* Abstract of Circular No. 49. 
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sideration of both construction methods and operating practice. 
Analysis of the available data on electrical accidents demonstrates 
their preventability in very large proportion by use of definite 
operating precautions. This is especially true with those accidents 
occurring to workmen engaged in electrical work. 

Rules for construction, installation, and maintenance of elec- 
trical equipment to safeguard employes and the public are now 
under preparation by the Bureau of Standards. The rules for 
safety in the operation and handling of electrical lines and equip- 
ment, to be published shortly in their first edition under the above 
title, proceed from a painstaking study by the engineers of the 
Bureau of existing rules and practices. These are found to vary 
widely and to offer a very unsatisfactory basis for the formulation 
of mandatory codes by any State commission, unless a very ex- 
tended study is made and the combined experience of many com- 
panies and workmen utilized. Many existing setsof rules have been 
developed from insufficient data and experience, while the vast ma- 
jority of companies have no rules whatever in effect. This lack of 
rules in force is partly due to inaction on the part of State authori- 
ties and partly to the difficulty and expense each company en- 
counters in preparing its own rules in any adequate form. The 
assistance of State commissions, operating companies, and elec- 
trical workmen has been freely given to the Bureau in this work, 
and the rules in their present form are offered to the public for 
criticism, discussion, and, so far as may be found desirable, 
for general adoption. 

The scope of the safety rules includes all operation of, and ; 
work on or about, power and signal lines, and the electrical 
equipment of central stations, sub-stations, mines, and testing 
departments, The rules are divided into three parts. The first | 
two parts consist of general rules which apply to the employer 
and to the employe respectively, and the third part comprises, 
under separate headings, those special rules which apply particu- 
larly to employes engaged in special classes of electrical work. 

It is intended that employes should thoroughly familiarize 
themselves with all the general rules as well as those which relate 
solely to their own particular work. 

While all the rules find application in the larger industrial 
or private plants or to utilities of moderate size, some do not 
Vor. CLXXVIII, No 1065—25 
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apply or apply less fully to the smaller organizations. It has 
seemed unwise to attempt to restrict the rules to those which 
are entirely applicable to the smallest organizations or to the 
simplest classes of electrical work, since the number of workers 
so employed is small compared with the total number to whose 
work uniform rules should apply. 

The individual rules, suggested by conferees and resulting 
from careful comparisons and selections, have been subjected to 
careful general scrutiny to determine the necessity for each and 
its general applicability under varying conditions of operation. 
The different classes or workers to which the rules apply have 
been freely consulted. Concreteness, simplicity, and directness 
have been sought in the formulation of the rules. 

After carefully considering each rule and retaining only those 
essential to the safety of operation, the grouping was made such 
as to facilitate reference. 

The section for employers calls for the provision of employes 
with rules, diagrams and emergency instructions, their assign- 
ment to work according to their demonstrated abilities, and the 
division of responsibility among them in a definite manner so 
that danger may not arise through conflict on points of authority. 
The employer is also required to supply portable safeguards, 
to enforce general operating precautions, and to supply employes 
with forms for the adequate reporting of accidents. The final 
requirement is that the rules for employes be strictly enforced. 

Rules for employes in general are subdivided into six groups. 
The first enumerates those general precautions the necessity 
for which seems obvious but the non-compliance with which is 
nevertheless responsible for many injuries. The second presents 
general operating rules, defining the duties and relations of those 
employes who direct others, and the operating methods by which 
safety is required. The third group prescribes the precautions 
for handling live parts under varying conditions of voltage and 
location. The fourth and fifth deal with the procedures for 
assuring the continued safety of work about normally live or 
moving parts respectively by avoiding all possible sources of 
misunderstanding in killing parts. The sixth group covers in 
some detail the procedure for making protective grounds and 
short circuits. 
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Special rules for employes comprise nine separate headings, 
covering the special hazards of work about electrical equipment 
in stations, at switchboards, about overhead lines, in arc lamp 
attendance, on underground lines, meter setting, testing, and 
in tunnel or mine work. Each class of worker is directed to 
familiarize himself also with the preceding general rules which 
apply to all classes of electrical employment. By this arrange- 
ment, a more adequate and convenient treatment has been realized 
without unnecessary repetition. 

In a carefully prepared appendix the value of organized acci- 
dent prevention work through safety committees, is emphasized 
as a means for reénforcing the effectiveness of safety rules. The 
report on this subject by the Accident Prevention Committee of 
the National Electric Light Association is briefly abstracted, and 
citations are made from the reported organizations and methods 
of several large and small electrical utilities. 

The comment of those commissions, companies, and work- 
men, whose study of the subject has been closest, has been very 
favorable to the arrangement and substance of the rules given 
in this edition, and many have expressed a desire to adopt them 
or to utilize them in preparing similar codes. The requirements 
of different States and communities should be closely harmonized 
to secure the best results in reducing the accident toll of electrical 
service, and the results presented in this code should be advan- 
tageous in securing uniformity among the State codes of safety 
rules. 

Great advantage will result to companies and workmen alike 
by the general adoption by the several States of a single standard 
set of safety rules, which can be revised in accordance with the 
progress of the art and the combined experience of all the com- 
panies and commissions of the country. Thus will every State 
and every company secure the advantage of the experience of all. 

Where particular rules do not apply, their omission will of 
course cause no conflict in practice. If it is necessary for any 
State commission to adopt additional rules, that could be done 
at any time by special orders. This would be easier and less 
confusing than to have a different set of rules for each separate 
State. 

Acknowledgment is made of the cooperation by national asso- 
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ciations, State commissions, company officials, and individuals. 
The conclusions reached by the Bureau of Standards from the 
combined experience of many of the most experienced companies 
and individual engineers and a thorough study of a large amount 
of literature and statistics are now offered with the hope that 
they will constitute a substantial contribution to the widely evi- 
denced public need for a standard set of safety rules. It is believed 
that a material reduction in present life hazards to electrical 
workers may be realized by the general adoption and use of these 
rules. 


GAS TESTING LABORATORIES.* 


TuIs circular contains suggestions as to location and equip- 
ment of gas-testing laboratories, a description of some of the 
accepted forms of apparatus, directions for the making of the 
various tests, and recommendations as to the interpretation of 
experimental results. It does not discuss the testing work neces- 
sary for good works control; it deals rather with methods which 
are intended for use in city or State official testing, or in works 
laboratories which are checked by city or State inspectors. 

No attempt is made to fix on a single method to be used in 
every case, for it is not believed that uniformity of method is 
always necessary in order that the results of tests be considered 
standard. In each case as much freedom in choice of method 
is allowed as seems permissible; but the simplest procedure or 
apparatus with which satisfactory results can be had is given 
preference. The discussion is so arranged that an inexperienced 
man may utilize the information, but exactness of description has 
not been sacrificed in the effort to simplify the directions. 

The full discussion of the influence of various conditions 
upon the results of tests and the theoretical consideration such 
as would properly accompany a publication of the results of a 
research are not given in the circular. Such full discussion will 
be found in the various sources referred to in the text. 

Not all the methods which are recommended have been investi 


*“ Standard Methods of Gas Testing.”"—Bureau of Standards Circular 
No. 48, August I, 1914. 
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gated in the laboratory of the Bureau, but every effort has been 
made to ensure that the use of such methods as have not been 
used at the Bureau has proven entirely satisfactory in the labora- 
tories of experienced gas testers elsewhere. 

The five principal subjects discussed are : measurement of heat- 
ing value, candlepower determination, determination of impuri- 
ties (hydrogen sulphide, total sulphur, and ammonia), taking 
of gas pressure records, and gas meter testing. Full operating 
directions, including a description of apparatus and precautions 
which must be observed, are included under each heading. 


The Electron as a Vibrating Particle. ANoN. (Sci. Amer., 
cx, No. 20, 409.)—Herr Korn, after observations extending through 
twelve years, has established a mechanical theory of gravity and of 
reciprocal molecular effects; the main points of the theory are: 
Suppose an infinite and incompressible medium with very rapid 
vibrations, containing slightly compressible particles; such a system 
is capable of an infinite number of different vibrations. The mathe- 
matical investigation of such a system is not difficult, provided we 
assume that no whirlpools exist. The fundamental vibration will 
be a pulsation of the particles, and Newton’s Law of Gravitation 
will express the reciprocal effects of these particles, due to this 
fundamental vibration. If we impose on the vibrating particles the 
condition of constant velocity of pulsation the electrons may be con- 
sidered as such pulsating particles. In other words, we must con- 
ceive the electrons to oppose a very great resistance to any external 
action tending to modify their velocity of pulsation ; it is also neces- 
sary to admit that these extremely rapid vibrations emit very little 
or no radiation. The duration of these vibrations is extremely great 
in comparison to the duration of all vibrations hitherto known. 


; 
: 
t 
i 


er Taceaiiyt io Brioni: 


356 Current Topics. [J. F.1. 


Properties of Plastic Insulating Materials. E. HemMinc. 
(Electr. World, \xiii, 761.)—Insulating materials, which are suit- 
able for molded work, are divided into a number of classes, ac- 
cording to the nature of the materials, such as fibre, rubber, porce- 
lain, etc., of which the insulator is composed. The properties of 
insulators made of these different materials are stated in a table, 
which includes information under many various headings, and photo- 
graphs are given showing a number of articles used for insulating 
purposes in lamps, plugs, switch-handles, rosettes, etc., which are 
made irom molded materials. Other tables give figures showing the 
ohmic resistances and the dielectric strengths of molded insula- 
tions of different types. 


Theory of Ocean and Primitive Continent Formation. E. 
BeLor. (Comptes Rendus, clviii, 647.)—On the earth and on Mars 
the ocean surface is much greater in the southern hemisphere than 
in the northern, while upon the moon the volcanic area is much more 
intense in the south than north, and it is considered that this points 
to a similar inequality of distribution of the water originally on the 
moon. This unipolar condensation of water on the earth, moon, and 
Mars may be easily explained if the relative translation of these 
three stars in the primitive nebula be assumed, the direction being 
that of the north part of their axes. This south-north translation 
had three principal effects: (1) The plastic terrestrial projectile be- 
came flattened in front and pointed behind. (2) The rotation, more 
retarded at the north than at the south pole, gave a twist to every 
relief in the sense of an easterly rotation of their southern parts. (3) 
At the exterior of the primitive terrestrial atmosphere, friction upon 
the nebula determined a general circulation in the sense north to 
south. This circulation has been demonstrated and investigated by 
Bossinesq in the case of a drop of water falling through a liquid. 
About the south pole the atmospheric circulation caused cold vertical 
currents to descend, and after heating at the earth’s surface to ascend 
hot. Consequently the temperature fell below 364° (the critical tem- 
perature of water), producing an abundant condensation of water 
under the pressures then prevailing. The water currents then set up 
proceeded to weather out the configuration of the primitive con- 
tinents. This theory is illustrated by numerous examples of present 
continental conditions, which in the author’s opinion tend to con- 
firm his views. 
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Arthur Otis Granger was born at Providence, February 14th, 1846, and 
died at his home in Cartersville, Georgia, on July 30th, 1914. He was the 
son of the Rev. Arthur Granger and Sarah Alcorn Rowan Granger. He was 
educated in the public schools of Philadelphia, and began his business career 
in a dry goods store in that city in 1858. In 1876, he organized the firm 
of A. O. Granger and Company, Engineers and Contractors, Philadelphia, 
Pa., and four years later he became President of the Granger Water Gas 
Company, also of Philadelphia. In his later years he was connected with 
numerous industrial enterprises. He was elected to membership of the Insti- 
tute in 1877. 

Horace Pettit died at his summer residence at Atlantic City, N. J., on 
August 13th, 1914. He was born in Philadelphia in 1860, and received his 
early education at the school of Dr. Faries and at the Cheltenham Military 
Academy. In 1879, he commenced the study of law and was graduated from 
the Law School of The University of Pennsylvania, four years later. Mr. 
Pettit was a member of The University Club, The Union League, The Racquet 
Club, and other organizations. He became a Life Member of The Franklin 
Institute in 1886, was elected to its Board of Managers in 1894 and served 
until 1910; he was a member of its Board of Trustees for several years. 
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Forcrand, R. de, Course de Chimie, 1905. 

Fournier d’Albe, E. E., Contemporary Chemistry, 1911. 

Getman, F. H., Outlines of Theoretical Chemistry, Ed. 1, 1913. 

Geschwind, L., Manufacture of Alum and the Sulphates, rgor. 

Graham, T., Researches on the Arseniates, Phosphates, and Modifications of 
Phosphoric Acid, 1902. 

Guldberg, C. M., and P. Wadage, Untersuchungen ueber die chemischen 
Affinitataten, 1890. . 

Haldane, J. S., Methods of Air Analysis, 1912. 

Hatschek, E., An introduction to the Physics and Chemistry of Colloids, 
1913. 

Hess, G. H., Thermochemische Untersuchungen, 1890. 

Hesse, B. C., Problem of International Congresses of Applied Chemistry, 
1913. 

Hilditch, T. P., A Concise History of Chemistry, 1911. 

Hirzel, H., Katechismus der Chemie, Ed. 6, 1880. 

Holleman, A. J., Text-book of Organic Chemistry, Ed. 3, 1913. 


‘Hooke, R., Extracts from Micrographia, 1902. 


International Congress of Applied Chemistry, viii, 1912, Proceedings Vols. 
I to 29. 

Jellett, J. H., Chemische-optische Untersuchungen, 1908. 

Johnson, A. E., The Analyst’s Laboratory Companion, 1912. 

Jones, H. C., A New Era in Chemistry, 1913. 
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Koehler, H., Fabrikation des Russes und der Schwarze, 1912. 

Koble, H., Electrolysis of Organic Compounds, 1906. 

Kremann, R., Application of Physico-chemical Theory to Technical Pro- 
cesses and Manufacturing Methods, 1913. 

Leach, A. E., Food Inspection and Analysis, 1913, Ed. 3. 

Lehfeldt, R. A., Electro Chemistry, Ed. 2, 1908. 

London Chemical Society, Annual Reports of Progress, Vols. 1 to 8, 1905 
to 1912. 

Loschmidt, J., Konstitutions-formeln der organischen Chemie in graphischer 
Darstellung, 1913. 

Lunge, G., The Manufacture of Sulphuric Acid and Alkali, Vols. 1 to 3 in 
5 volumes, IQII to I913. 

Martin, G., Industrial and Manufacturing Chemistry—Organic, 1913. 

Martin, G., Triumphs and Wonders of Modern Chemistry, 1913. 

Mayow, J., Medico-physical Works, , 1908. 

Meade, R. K., The Design and Equipment of Small Chemical Laboratories, 
1908. 

Mellor, J. W., Modern Inorganic Chemistry, 1912. 

Merck, E., Chemical Reagents, Their Purity and Tests, 1907. 

Moldenhauer, W., Chemisch-technisches Praktikum, Ig11. 

Molinari, E., Treatise on General and Industrial Organic Chemistry, 1913. 

Mulliken, S. P., A Method for the Identification of Pure Organic Compounds, 
Vols. 1 and 3, 1911. 

Neave, G. B., and I. M. Heilbron, The Identification of Organic Compounds, 
IQgII. 

Pasteur, L., Researches on the Molecular Asymmetry of Natural Organic 
Products, 1902. 

Pasteur, L., and others, Foundations of Stereo-Chemistry, (c 1900). 

Pfeffer, V., and others, The Modern Theory of Solution, (c 1899). 

Prescott, A, B., and O. C. Johnson, Qualitative Chemical Analysis, Ed. 6, 
IQII. 

Priestley, J., The Discovery of Oxygen, Pt. 1, 1906. 

Rohland, P., The Colloidal and Crystalloidal State of Matter, 1911. 

Roscoe, H. E., and C. Schorlemmer, A Treatise on Chemistry, Vols. 1 and 
2, IQII. 

Scheele, C. W., The Discovery of Oxygen, Pt. 2, 1906. 

Scheele, C. W., The Early History of Chlorine, 1906. 

Schwalbe, C. G., Die Chemie der Cellulose, rort. 

Segerblom, W., Tables of Properties of Over Fifteen Hundred Common 
Inorganic Substances, 1909. 

Sherman, H. C., Methods of Organic Analysis, 1912. 

Smith, A., Introduction to Inorganic Chemistry, 1911. 

Smith, E. F., Elements of Electrochemistry, 1913. 

Smith, E. F., Theories of Chemistry, 1913. 

Smith, E. F., and H. F. Keller, Experiments Arranged for Students in 
General Chemistry, 1913. 

Soddy, F., The Chemistry of the Radio-elements, 1911. 
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Soddy, F., Interpretation of Radium, Ed. 3, 1912. 

Thorpe, E., A Dictionary of Applied Chemistry, Vols. 1 to 5, 1912 and 1913. 

Tutton, A. E. H., Crystalline Structure and Chemical Constitution, rgro. 

Weimarn, P. P. von, Grandziige der Dispersoidchemie, 1911. 

Williamson, A. W., Paper on Etherification and on the Constitution of 
Salts, 1906. 

Zsigmondy, R., Colloids and the Ultramicroscope, 1909. 

Zsigmondy, R., Kolloidchemie, 1912. 


CIVIL ENGINEERING AND SURVEYING 


Bellasis, E. S., Punjab Rivers and Works, Ed. 2, 1912. 

Burr, W. H., Suspension Bridges, Arch, Ribs and Cantilevers, 1913. 

Frye, A. I., Civil Engineers’ Pocket-book, 1913. 

Gilbert, G. H., L. T. Wightman, and W. L. Saunders, The Subways and 
Tunnels of New York, 1912. 

Harger, W. G., and E. A. Bonney, Handbook for Highway Engineers, 1912. 

Ingram, E. L., Geodetic Surveying, 1911. 

Judson, W. P., City Roads and Pavements, 1909. 

Morrison, C. E., and O. L. Brodie, High Masonry Dam Design, Ed. 1, rog10. 

Page, L. W., Roads, Paths, and Bridges, rg12. 

Richardson, S., Asphalt Construction for Pavements and Highways, 1913. 

Robinson, C. M., The Width and Arrangement of Streets, 1911. 

Shelford, F., Pioneering, 1909. 

Tyrrell, H. G., History of Bridge Engineering, 1911. 

Usborne, P. O. G., The Design of Steel Bridges, 1912. 

Wood, F., Modern Road Construction, 1912. 

Xydis, C., Handbook on Tacheometrical Surveying, 19009. 


COLLECTED WORKS 


Bayer, Adolph von. Gesammelte Werke. 2 vols. 1905. 

Dreuer, J. L. E., comp. Scientific Papers of Sir William Herschel. 2 vols. 
1912. 

Huygens, C., GEuvres Completes. 12 vols. 1888-1910. 

Lippmann, E. O. von, Abhandlungen und Vortrage zur Geschichte der Natur- 
wissenschaften. 2 vols. 1906, 1912. 

Physical Society of London, publ. The Scientific Papers of Sir Charles 
Wheatstone. 1879. 

Senarmont, Verdet and Fresnel (Euvres Completes D’Augustin Fresnel. 
3 vols. 1866, 1868 and 1870. 

Thomson, J., Collected Papers in Physics and Engineering, 1912. 


COMPRESSED AIR, REFRIGERATION 
Matthews, F. E., Elementary Mechanical Refrigeration, 1912. 
Thorkelson, H. J., Air Compression and Transmission, 1913. 
Wakeman, W. H., Refrigeration, Ice Making, and Refrigerating Machinery, 


1907. 
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CONCRETE AND CONCRETE CONSTRUCTION 


Cantell, M. T., Reinforced Concrete Construction, 1911, 1912. 

Lewis, M. H., Modern Methods of Water-proofing Concrete and Other 
Structures, I9QII. 

Poulsen, A., Cement in Seawater, 1909. 

Taylor, F. W., and S. E, Thompson, Concrete Costs, 1912. 


CRYSTALLOGRAPHY 


Lehmann, O., Die neue Welt der fliissigen Kristalle, 1911. 
Tutton, A. E. H., Crystallography and Practical Measurement, 1911. 
Tutton, A. E. H., Crystals, 1911. ° 


DICTIONARIES 


Webster's New International Dictionary, 1913. 


EFFICIENCY ENGINEERING 


Dartmouth College. Addresses and Discussions at the Conference on Scien- 
tific Management held October 12, 13, 14, I19II, 1912. 

Diemer, H., Factory Organization and Administration, 1910. 

Gilbreth, F. B., Primer of Scientific Management, 1912. 

Hayes, H. V., Public Utilities, Their Cost New and Depreciation, 1913. 

Hine, C. D., Modern Organization, 1912. 


ELECTRICITY AND ELECTRICAL ENGINEERING 


Arrhenius, S., Untersuchungen tiber der galvanische Leitfahigkeit der Elek- 
trolyte, 1907. 

Avery, A. H., A B C of Dynamo Design, 1901. 

Barclay, Wm. R., and C. H. Hainsworth, Electroplating, 1912. 

Bate, A. H., Principles of Electrical Power (continuous current) for 
Mechanical Engineers, 1905. 

Blondel, A. E., Synchronous Motors and Converters, 1913. 

Bohle, H., Electrical Photometry and Illumination, 1912. 

Bohle, H., and D. Robertson, Transformers, 1911. 

Coulomb, C. A., Vier Abhandlungen ueber die Elektricitat und den Mag- 
netismus, 1890. 

Devey, R. G., Mill and Factory Wiring, 1911. 

Ewing, J. A., Magnetic Induction in Iron and Other Metals, 1894. 

Faraday, M., The Discovery of Induced Electric Currents, (c 1900). 

Faraday, M., W. Hittorf, and F. Kohlrausch, The Fundamental Laws of 
Electrolysis Conduction, (c 1899). 

Feddersen, W., Entladung der Leidener Flasche, 1908. 

Felici, R., Ueber die mathematische Theorie der elektrodynamischen In- 
duction, 1899. 

Fisher-Hinnen, J., Continuous Current Dynamos, 1899. 
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Fleming, J. A., Alternate Current Transformer, 1894. 

Forbes, G., Course of Lectures on Electricity, 1888. 

Franklin, W. S., Electric Lighting, 1912. 

Galvani, A., Abhandlung iiber die Krafte der Electricitat bei der Muskelbe- 
wegung, 1894. 

Gass, C. F., Die Intensitat der erdmagnetischen Kraft, 1804. 

Gear, H. B., and P. F. Williams, Electric Central Station Distribution Sys- 
tems, IQII. 

Gerhardi, C. H. W., Electricity Meters, no date. 

Gray, A., Electrical Machine Design, 1913. 

Henry, J., The Discovery of Induced Electric Currents, (c¢ 1900). 

Heyland, A.; Graphical Treatment of the Induction Motor, 1906. 

Hobart, H. M., Design of Polyphase Generators and Motors, 1913. 

Hobart, H. M., The Design of Static Transformers, 1911. 

Hobart, H. M., Electric Motors, Continuous Current Motors, 1904. 

Hobart, H. M., Electric Trains, 1910. 

Houston, E. J., and A. E. Kennelly, Recent Type of Dynamo-electric Machin- 
ery, 1808. 

Jaeger, F. M., Eine Anleitung zur Ausfiihrung exakter physikochemischer 
Messungen bei héheren Temperaturen, 1913. 

Jansky, C. M., Electrical Meters, 1913. 

Johnson, J. H., Arc Lamps and Accessory Apparatus, 1911. 

Kapp, G., Electric Transmission of Energy, Ed. 3, 1801. 

Karapetof, V., The Electric Circuit, Ed. 2, 1912. 

Kelsey, W. R.; Continuous Current Dynamos and Motors, 1903. 

Kennelly, A. E., The Application of Hyperbolic Functions to Electrical 
Engineering Problems, 1912. 

Koch, E. H., The Mathematics of Applied Electricity, 1912. 

Loppe, F., Essais Industriels des Machines Electriques, 1904. 

McAllister, A. S., Alternating Current Motors, 1906. 

McLoughlin, T. S., Questions and Answers on the National Electrical Code, : 
1912. 

Morse, H. W., Storage Batteries, 1912. 

Neumann, F., Die mathematischen Gesetze inducirten elektrischen Stréme, 
1889. 

Neumann, F., Ueber ein allgemeines Princip der mathematischen Theorie in- 
ducirter elektrischer Stréme, 1802. 

Niethammer, F., Moteurs et Collecteur a Courants Alternatifs, 1906. 

Nollet, Jean Antoine, Essai sur l’electricité des Corps, Ed. 2, 1750. 

Norden, K., Elektrolytische Zaler, 1908. 

Parr, G. D. A., Electrical Engineering Testing, Ed. 3, 1907. 

Patchell, W. H., Application of Electric Power to Mines and Heavy In- 
dustries, 1913. 

Punga, F., Single-phase Commutator Motors, 1906. 

Ryan, W. T., Design of Electrical Machinery, 3 Vols., Ed. 1, 1912. 

Schneider, N. H., Dry Batteries, How to Make and Use Them, rogro. 

Schneider, N. H., Electrical Circuits and Diagrams, Parts 1 and 2, 1904, 1911. 
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Schneider, N. H., How to Install Electrical Bells, Annunciators and Alarms, 
1910. 

Schneider, N. H., Modern Primary Batteries, 1910. 

Schneider, N. H., Study of Electricity for Beginners, 1910. 

Slingo, W., and A. Brooker, Electrical Engineering, 1808. 

Smith, E. F., Electro-analysis, Ed. 5, 1911. 

Societé Internationale des Electriciens, Travaux du Laboratoire Central 
d’Electricité, 2 Vols., 1910 and 1912. 

Spang, H. W., Electrical and Lightning Engineering, 1913. 

Starling, S. G., Electricity and Magnetism, 1912. 

Steinmets, C. P., Elementary Lectures on Electric Discharges, Waves, and 
Impulses, IQII. 

Taylor, F. H., How to Use Electric Light, no date. 

Taylor, W.*T., Transformer Practice, Ed. 2, 1913. 

Thompson, S. P., Electromagnet and Electromagnetic Mechanism, Ed. 2, 
1892. 

Thompson, S. P., Schedule for Continuous Current Dynamo Design. (Five 
sheets from Design of Dynamo), (c 1902). 

Timbie, W. H., Elements of Electricity for Technical Students, 1911. 

Townsend, F., Short Course in Alternating Current Testing, 1904. 

Tyndall, J., Researches on Diamagnetism and Magnecrystallic Action, 1888. 

Volta, A., Briefe tiber thiersche Elektricitat, 1900. 

Volta, A., Untersuchungen tiber den Galvanismus, 1900. 

Weber, W., and R. Kohlrausch, Fiinf Abhandlungen iiber absolute elektrische 
Strommessung, 1904. 

Wilson, H. A., The Electrical Properties of Flames, 1912. 

Wolcott T., ed., The Electro Magnet, 1900. 


ENGINEERING 


Carpenter, R. C., and H. Diederichs, Experimental Engineering, Ed. 7, 1912. 

Engineering Index Annual for 1911, 1912. 

Haring, A., Engineering Law, Vol. 1, 1912. 

Humphreys, A. S., Lecture Notes on Some of the Business Features of 
Engineering Practice, 1912. 

Lucke, C. E., Engineering Thermodynamics, 1912. 

McCullough, E., Engineering as a Vocation, 1911. 

Waddell and Harrington, Addresses to Engineering Students, Ed. 2, 1912. 


GEOLOGY AND METEOROLOGY 


Argot, A., Instructions Meteorologiques, Ed. 4, 1903. 

Eckel, E. C., Building Stones and Clays, Ed. 1, 1912. 

Engler, C., and H. v. Hoefer, Das Erdél, 3 Vols., 1900, 1911, 1913. 
Finlay, G. I., Introduction to the Study of Igneous Rocks, 1913. 
Iddings, J. P., Igneous Rocks, Ed. 1, 2 Vols., 1909, 1912. 

Kemp, J. F., A Handbook of Rocks, 1911. 

Lindgren, W., Mineral Deposits, 1913. 
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Fleming, J. A., Alternate Current Transformer, 1894. 

Forbes, G., Course of Lectures on Electricity, 1888. 

Franklin, W. S., Electric Lighting, 1912. 

Galvani, A., Abhandlung iiber die Krafte der Electricitat bei der Muskelbe- 
wegung, 1804. 

Gass, C. F., Die Intensitat der erdmagnetischen Kraft, 1894. 

Gear, H. B., and P. F. Williams, Electric Central Station Distribution Sys- 
tems, IQII. 

Gerhardi, C. H. W., Electricity Meters, no date. 

Gray, A., Electrical Machine Design, 1913. 

Henry, J., The Discovery of Induced Electric Currents, (c 1900). 

Heyland, A.; Graphical Treatment of the Induction Motor, 1906. 

Hobart, H. M., Design of Polyphase Generators and Motors, 1913. 

Hobart, H. M., The Design of Static Transformers, 1911. 

Hobart, H. M., Electric Motors, Continuous Current Motors, 1904. 

Hobart, H. M., Electric Trains, 1910. 

Houston, E. J., and A. E. Kennelly, Recent Type of Dynamo-electric Machin- 
ery, 1808. 

Jaeger, F. M., Eine Anleitung zur Ausfiihrung exakter physikochemischer 
Messungen bei hoOheren Temperaturen, 1913. 

Jansky, C. M., Electrical Meters, 1913. 

Johnson, J, H., Arc Lamps and Accessory Apparatus, 1911. 

Kapp, G., Electric Transmission of Energy, Ed. 3, 1891. 

Karapetoff, V., The Electric Circuit, Ed. 2, 1912. 

Kelsey, W. R., Continuous Current Dynamos and Motors, 1903. 

Kennelly, A. E., The Application of Hyperbolic Functions to Electrical 
Engineering Problems, 1912. 

Koch, E. H., The Mathematics of Applied Electricity, 1912. 

Loppe, F., Essais Industriels des Machines Electriques, 1904. 

McAllister, A. S., Alternating Current Motors, 1906. 

McLoughlin, T. S., Questions and Answers on the National Electrical Code, 
1912. 

Morse, H. W., Storage Batteries, 1912. 

Neumann, F., Die mathematischen Gesetze inducirten elektrischen Stréime, 
1880. 

Neumann, F., Ueber ein allgemeines Princip der mathematischen Theorie in- 
ducirter elektrischer Stréme, 18092. 

Niethammer, F., Moteurs et Collecteur a Courants Alternatifs, 1906. 

Nollet, Jean Antoine, Essai sur l’electricité des Corps, Ed. 2, 1750. 

Norden, K., Elektrolytische Zaler, 1908. 

Parr, G. D. A., Electrical Engineering Testing, Ed. 3, 1907. 

Patchell, W. H., Application of Electric Power to Mines and Heavy In- 
dustries, 1913. 

Punga, F., Single-phase Commutator Motors, 1906. 

Ryan, W. T., Design of Electrical Machinery, 3 Vols., Ed. 1, ro12. 

Schneider, N. H., Dry Batteries, How to Make and Use Them, toto. 

Schneider, N. H., Electrical Circuits and Diagrams, Parts 1 and 2, 1904, I9II. 
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Schneider, N. H., How to Install Electrical Bells, Annunciators and Alarms, 
1910. 

Schneider, N. H., Modern Primary Batteries, 1910. 

Schneider, N. H., Study of Electricity for Beginners, 1910. 

Slingo, W., and A. Brooker, Electrical Engineering, 1898. 

Smith, E. F., Electro-analysis, Ed. 5, 1911. 

Societé Internationale des Electriciens, Travaux du Laboratoire Central 
d’Electricité, 2 Vols., 1910 and 1912. 

Spang, H. W., Electrical and Lightning Engineering, 1913. 

Starling, S. G., Electricity and Magnetism, 1912. 

Steinmetz, C. P., Elementary Lectures on Electric Discharges, Waves, and 
Impulses, I9II. 

Taylor, F. H., How to Use Electric Light, no date. 

Taylor, W.*T., Transformer Practice, Ed. 2, 1913. 

Thompson, S. P., Electromagnet and Electromagnetic Mechanism, Ed. 2, 
1892. 

Thompson, S. P., Schedule for Continuous Current Dynamo Design. (Five 
sheets from Design of Dynamo), (c 1902). 

Timbie, W.H., Elements of Electricity for Technical Students, 1911. 

Townsend, F., Short Course in Alternating Current Testing, 1904. 

Tyndall, J., Researches on Diamagnetism and Magnecrystallic Action, 1888. 

Volta, A., Briefe tiber thiersche Elektricitat, 1900. 

Volta, A., Untersuchungen iiber den Galvanismus, 1900. 

Weber, W., and R. Kohlrausch, Finf Abhandlungen iiber absolute elektrische 
Strommessung, 1904. 

Wilson, H. A., The Electrical Properties of Flames, 1912. 

Wolcott T., ed., The Electro Magnet, 1900. 


ENGINEERING 


Carpenter, R. C., and H. Diederichs, Experimental Engineering, Ed. 7, 1912. 

Engineering Index Annual for 1911, 1912. 

Haring, A., Engineering Law, Vol. 1, 1912. 

Humphreys, A. S., Lecture Notes on Some of the Business Features of 
Engineering Practice, 1912. 

Lucke, C. E., Engineering Thermodynamics, 1912. 

McCullough, E., Engineering as a Vocation, 1911. 

Waddell and Harrington, Addresses to Engineering Students, Ed. 


GEOLOGY AND METEOROLOGY 


Argot, A., Instructions Meteorologiques, Ed. 4, 1903. 

Eckel, E. C., Building Stones and Clays, Ed. 1, 1912. 

Engler, C., and H. v, Hoefer, Das Erdél, 3 Vols., 1909, 1911, 1913. 
Finlay, G. I., Introduction to the Study of Igneous Rocks, 1913. 
lddings, J. P., Igneous Rocks, Ed. 1, 2 Vols., 1909, 1912. 

Kemp, J. F., A Handbook of Rocks, 1911. 

Lindgren, W., Mineral Deposits, 1913. 


-_ 


366 RECENT ADDITIONS TO LIBRARY. [J. F.1. 


Love, A. E. H., Some Problems of Geodynamics, 1911. ] 
Redwood, B., Petroleum, 3 Vols., Ed. 3, 1913. 
Smithsonian Institution, Meteorological Tables, Ed. 3, 1907. 


HEATING AND VENTILATION 


Gifford, B. T., Central Station Heating, 1912. 

Greene, A. M., Elements of Heating and Ventilation, Ed. 1, 1913. 
Lincoln, H. C., Steam and Hot Water Heating, 1912. 

Raynes, F. W., Heating Systems, 1913. 


HOISTING, POWER TRANSMISSION 


McCulloch, G., and T. C. Futers, Winding Engines and Winding Appliances, 
1912. . : 


: HOROLOGY 
Huygens, C., Die Pendeluhr, Horologium Oscillatorium, 1913. 


HYDRAULIC ENGINEERING 


Barr, W. M., Pumping Machinery, Ed. 2, 1900. 
Bradley, F. A., Pumping and Water Power, 1912. 
Fidler, T. C., Calculations in Hydraulic Engineering, Pt. 2, 1902. 
Greene, A. H., Pumping Machinery, 1911. 
Hughes, H. J., and A. T. Safford, A Treatise on Hydraulics, 1912. 
Laval, C. G. de, Centrifugal Pump Machinery, 1912. 
Merriman, M., Treatise on Hydraulics, Ed. 9, 1912. 
Owen, I. J., Notes on Hydraulics, (c 1907). 
Russel, G. E., Text-book on Hydraulics, Ed. 2, 1912. 
Smith, F. A., The Primer of Hydraulics, (c rorr). 
Villamil, R. de, A B C of Hydrodynamics, 1912. 
Wakeman, W. H., Questions and Answers on Pumps and Pumping Machin- 
ery, 1912. 
MACHINE TOOLS 
Colvin, F. H., and F. A. Stanley, American Machinist Grinding Book, 1912. 


Colvin, F. H., and L. L Haas, Jigs and Fixtures, 1912. 
Darbyshire, H., Precision Grinding, 1907. 


MANUFACTURES 


Chapin, H. M., How to Enamel, 1911. 
Cross, C. F., E. J. Brown, and R. W. Sindall, Wood Pulp and Its Uses, 1911. 
Watson, Wm., Advanced Textile Design, 1913. 


MATHEMATICS 
Abel, N. H., Abhandlung iiber eine besondere Klasse algebraisch auflésbarer 
Gleichungen, 1900. 
American Mathematical Society, Transactions, Vol. 1 to 5, 1900-1904. 
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Babbage, C., Table of Logarithms of the Natural Numbers from 1 to 108,- 
000, 1889. 

(Barlow, P.,) Barlow’s Tables of Squares, Cubes, Square Roots, 1897. 

Bernoulli, J., Unendliche Reihen, 1909. 

Bravais, A., Abhandlung iiber die Systeme von regelmassig auf einer 
Ebene, oder im raum vertheilten Punkten, 1897. 

Cauchy, A. L., Abhandlung tiber bestimmte Integrale zwischen imaginaren 
Grenzen, 1900. 

Fine, H. B., Number-system of Algebra, 1890. — 

Fourier, J. B. J., Die Auflésung der bestimmten Gleichungen, 1902. 

Gauss, C. F., Allgemeine Flachentheorie, 1889. 

Gauss, C. F., Sechs Beweise des Fundamental-theoreme iiber quadratische 
Reste, I9oI. 

Gauss, C. F., Die vier Gauss’schen Beweise fiir die Zerlegung ganzer alge- 
braischer Functionen, 1890. 

Goepel, A., Entwurf einer Theorie der Abel’schen Transendenten erster 
Ordnung, 1895. 

Graham, J., Elementary Treatise on the Calculus for Engineering Students, 
Ed. 3, 1905. 

Gray, A., and G. B. Mathews, A Treatise on Bessel Functions and Their 
Applications to Physics, 1895. 

Hopkins, G. I., Manual of Plane Geometry on the Heuristic Plan, 1891. 

Howland, R. B., Elements of the Conic Sections, (c 1887.) 

Jacobi, C. G. J., Neue Methode zur Integration partieller differential Gleichun- 
gen erster Ordnung, 1906. 

Jacobi, C. G. J., Ueber die Bildung und die Eigenschaften der Determinanten, 
1896. 

Jacobi, C. G. J.,, Ueber die functional Determinanten, 1896. 

Kepler, J., Neue Stereometrie der Fasser, 1908. 

Lagrange, J. L., Ueber die Lésung der unbestimmten Probleme zweiten 
Grades, 1904. 

Lagrange, J. L., Zusatze zu Euler’s Elementen der Algebra, 1808. 

Lagrange, J, L., and A. L. Cauchy, Zwei Abhandlungen zur Theorie der 
partiellen differential Gleichungen erster Ordnung, 1900. 

Lobatschefskij, N. J., Pangeometrie, 1902. 

Low, D. A., Practical Geometry and Graphics, 1912. 

Marsh, H. W., Industrial Mathematics, Ed. 1, 1913. 

Monge, G., Darstellende Geometrie, 1900. 

Newton, J., Abhandlung iiber die Quadratur der Kurven, 1908. 

Pfaff, J. F., Allgemeine Methode partielle differential Gleichungen zu Integri- 
ren, 1902. 

Richardson, C. W., The Slide Rule Simplified, (1912). 

Rosenhain, G., Abhandlung iiber die Functionen zweier Variabler mit vier 
Perioden, 1895. é 

Runge, C., Graphical Methods, 1912. 

Steiner, J., Einige geometrische Betrachtungen, 1901. 

Steiner, J., Die geometrischen Constructionen, 1895. 
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Sturm, C., Abhandlung iiber die Auflésung der numerischen Gleichungen, 
1904. : 
Sylvester, J. J., Collected Mathematcial Papers, 4 Vols., 1904-1912. 


MECHANICAL ENGINEERING 


Adler, A. A., The Theory of Engineering Drawing, 1912. 

Appell, P., Traite de Mecanique Rationelle, 3 Vols., 1909, 1911. 

Archbutt, L., and R. M. Deeley, Lubrication and Lubricants, 1912. 

Boyd, J. E., Strength of Materials, 1911. 

Carnot, S., R. Clausius, and W. Thomson, The Second Law of Thermo- 
dynamics, (c 1899). 

Cathcart, W. L., and J. I. Chaffee, The Elements of Graphic Statics, gto. 

Church, I. P., Mechanics of Internal Work, Ed. 1, 1910. 

Collignon, E., Cours de Mechanique Appliquée aux Construction, 2 Vols., 
- Ed. 3, 1880, 1885. 

French, T. E., A Manual of Engineering Drawing, 1911. 

Gray, A., and J. G. Gray, A Treatise on Dynamics, 1911. 

Halsey, F. A., Handbook for Machine Designers, 1913. 

Herrmann, G., The Graphical Statics of Mechanism, 1904. 

Hess, H. D., Machine Design, Hoists, Derricks, Cranes, 1912. 

Hiscox, G. D., Mechanical Appliances, Ed. 2, 1910. 

Hudson, C. W., Deflections and Statically Indeterminate Stresses, Ed. 1, 
IQII. 

Jamieson, A., A Text-book of applied Mechanics, 5 Vols., Ed. 8, 1910-1912 

Lineham, W. J., A Text-book of Mechanical Engineering, 1912. 

Lucke, C. E., Power, trort. 

MacCord, C. W., Kinematics, Ed. 4, 1892. 

Nystrom, J. W., Nystrom’s Pocket-book of Mechanics and Engineering, Ed 
21, 1895. 

Perkins, H. A., An Introduction to General Thermodynamics, 1912. 

Price, W., Turners’ Handbook on Screw-cutting, 1912. 

Smith, E. B., Mechanical Engineering Laboratory Manual, 1912. 

Snell, J. F. C., Power House Design, ror1r. 

Swinburne, J., Entropy; or Thermodynamics from an Engineer’s Standpoint, 
1904. 

Thomas, H. K., Worm Gearing, 1913. 

Unwin, W.C., and A. L. Mellanby, Elements of Machine Design, 2 Vols., 
1909, 1912. 

Walton, W., A Collection of Problems in Illustration of the Principles of 
Theoretical Mechanics, 1876. 

Woodward, C. M., Rational and Applied Mechanics, 1912. 


METALLURGY, METALLOGRAPHY. 
METAL WORKING 
Borchers, W., Metallurgy, 1911. 
Buchanan, J. F., Practical Alloying, (c 1910). 
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Campbell, H. H., Manufacture and Properties of Iron and Steel, Ed. 4, 1907. 

Collins, H. F.,; The Metallurgy of Lead, Ed. 2, 1910. 

Dichmann, C., The Basic Open-hearth Steel Process, 1911. 

Friend, J. N., The Corrosion of Iron and Steel, rort. 

Fulton, C. H., Principles of Metallurgy, 1910. 

Gruenwald, J., The Technology of Iron Enamelling and Tinning, 1912. 

Harbord, F. W., and J. W. Hall, Metallurgy of Steel, Ed. 4, 1911, 2 Vols. 

Hatfield, W. H., Cast Iron in the Light of Recent Research, 1912. 

Hearson, H, R., Manufacture of Iron and Steel, 1912. 

Hognon, J., Traite d’Analyses Chimiques Metallurgiques, 1911. 

Jornstorf#, H. J. v., Das Eisenhiittenwesen, 1912. 

Kirk, E., Practical Treatise on Foundry Irons, 1911. 

Lake, E. F., Composition and Heat Treatment of Steel, Ed. 2, rort. 

Ledebur, A., Handbuch der Eisenhiittenkunde, 3 Vols., 1906 and 1908. 

Levy, D. M., Modern Copper Smelting, 1912. 

Lord, N. W., and D. J. Demorest, Metallurgical Analysis, Ed. 3, 1913. 

Low, A. H., Technical Methods of Ore Analysis, Ed. 6, 1913. 

Mennicke, H., Die Metallurgie des Wolframs, 1g1I. 

Moissonnier, P., ? Aluminium, 1903. 

Moldenke, R., The Production of Malleable Casting, (c 1910). 

Noble, H., Fabrication de l’Acier, 1905. 

Price, W. B., and R. K. Meade, The Technical Analysis of Brass and Non- 
ferrous Alloys, Ig1T. 

Revillon, L., Les Aciers Speciaux, n. d. 

Rey, J., On an Inquiry into the Cause wherefore Tin and Lead Increase in 
Weight on Calcination, 1902. 

Richard, J. W., Metallurgical Calculations, Pts. 2 and 3, 1908 and IgIT. 

Rodenhauser, W., and I. Schoenawa, Electric Furnaces in the Iron and Steel 
Industry, 1913, Ed. 1. 

Sauveur, A., The Metallography of Iron and Steel, rorz2. 

Springer, J. F., Oxy-acetylene Torch Practice, n. d. 

Taylor, F. W., On the Art of Cutting Metals, Ed. 3, n. d. 

Wysor, H., Analysis of Metallurgical and Engineering Materials 1912. 


MILITARY ENGINEERING 
Ingalls, J. M., Interior Ballistics, 1912. 
MINERALOGY AND CRYSTALLOGRAPHY 


Cahen, E., and W. O Wootton, The Mineralogy of the Rarer Metals, 1912. 
[ddings, J. P., Rock Minerals, rort. 

Mastin, J., The Chemistry, Properties and Tests of Precious Stones, 1911. 
Sella, Q., Abhandlungen zur Kristallographie, 1906. 

Smith, G. F. H., Gem-stones and Their Distinctive Characters, 1912. 
Wodiska, J., A Book of Precious Stones, 1910. 


MINING 
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Charleton, A. G., Gold Mining and Milling in Western Australia, 1903. 
Dana, R. T., and W. L. Saunders, Rock Drilling, 1911. 
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Engineering and Mining Journal, publ., Handbook of Mining Details, 1912. 
Griggs, G., Mines of Chihuahua (Mexico), Ed, 3, 1911. 

MacFarren, H. W., Cyanide Practice, 1912. 

Weston, E. M., Rock Drills, 1910. 


NAVAL SCIENCE 


Bartley, B. C., Marine Engineers’ Record Book, Engines, 1897. 

Bellasis, E. S., The Influence Exercised by Ships on One Another and the 
Olympic-Hawke Collision, (1911). 

Fricker, Resistance des Carenes, n. d. 

Hobart, H. M., The Electric Propulsion of Ships, ro1r. 

Lyon, F., and A. W. Hinds, Marine and Naval Boilers, ro12. 

Reed, S. J., Turbines Applied to Marine Propulsion, 1913. 

Stromeyer, C. E., Marine Boiler Management and Construction, Ed. 3, 10907. 

Walker, S. F., Cold Storage, Heating and Ventilating on Board Ship, 1o11. 


OPTICS 


Abney, Wm. de W., Researches in Colour Vision, 1913. 

Bell, L., The Art of Illumination, Ed, 2, 1912. 

Bloch, L., Science of Illumination, 1912, 

Fraunhofer, J. von, Prismatic and Diffraction Spectra, (c 1899). 

Huygens, C., Abhandlung iiber das Licht, 1903. 

Huygens, C., T. Young, and A. J. Fresnel, The Wave Theory of Light, 
(c 1900). 

Lebedew, P., Die Druckkrafte des Lichtes, 1913. 

Maclaurin, R. C., The Theory of Light, 1908. 

Rutherford, E., Radioactive Substances and Their Radiations, 1913. 

Toepler, A., Beobachtungen nach einer neuen optischen Methode, 1906. 

Wood, R. W., Researches in Physical Optics, with Special Reference to the 
Radiation of Electrons, Pt. 1, 1913. 


PATENTS 


Corbin, T. W., Mechanical Inventions of To-day, 1912. 

Elfreth, W. H., Patents, Copyrights, and Trade Marks, 1913. 
Hutchinson, W. B., Patents, and How to Make Money Out of Them, 1800. 
Wright, F. B., Inventions, How to Protect, Sell and Buy Them, ror1. 


PHOTOGRAPHY 


Garrett, A. E., The Advance of Photography, rgr1. 
Lueppe, Cramer, Kolloidchemie und Photographie, 1908. 
Zenker, W., Lehrbuch der Photochromie, 1900. 


PHYSICS 


Alembert, J. le R. d’, Abhandlung tiber Dynamik, 1899. 
Blagden, C., Gesetze der Ueberkaltung und Gefrierpunktserniedrigung, 1894. 
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Bogaert, Ed. W., VEffect Gyrostatique et ses Applications, 1912. 

Boyle, R., and E. H. Amagat, The Laws of Gases, 1899. 

Carslaw, H. S., Introduction to the Theory of Fourier’s Series and Integrals 
and the Mathematical Theory of the Conduction of Heat, 1906. 

Cavendish, H., Experiments on Air, 1906. 

Clausius, R., Ueber die bewegende Kraft der Warme, 1808. 

Dalton, J., and others, The Expansion of Gases by Heat, (c 1902). 

Darling, C. R., Pyrometry, 1911. 

Fahrenheit, Reaumur, Celsius, Abhandlungen tiber Thermometrie, 1894. 

Faraday, M., J. Kerr, and P. Zeeman, The effects of a Magnetic Field on 
Radiation, (¢ 1900). 

Gay-Lussac, L. J., and others, Free Expansion of Gases, 1808. 

Helmholtz, H., Abhandlungen zur Thermodynamik, 1902. 

Houstoun, R. A., An Introduction to Mathematical Physics, 1912. 

Hurst, H. E., and R. T. Lattey, A Text-book of Physics, 3 Vols., 1912. 

Kaye, G. W. C., and T. H. Laby, Tables of Physical and Chemical Constants, 
1QII. 

Kirchhof, G., Abhandlungen tiber mechanische Warme-theorie, 1808. 

Kneser, A., Die Integralgeichungen und ihre Anwendungen in der Mathe- 
matischen Physik, 1911. 

Love, A. E. H., A Treatise on the Mathematical Theory of Electricity, 1906. 

Mayer, R., Die Mechanik der Warme, 1911. 

Meyer, J., Einfithrung in die Thermodynamik auf energetischer Grundlage, 
1906. 

Newton, I., P. Bouguer, and H. Cavendish, The Laws of Gravitation, (c 1900). 

Palmer, A. de Forest, The Theory of Measurements, 1912. 

Poynting, J. H., and J. J. Thomson, A Text-book of Physics, Heat, Ed. 4, 
IQII. 

Prevost, P., and others, The Laws of Radiation and Absorption, (c 1901). 

Ramsay, W., Elements and Electrons, 1912. 

Soddy, F., Matter and Energy, n. d. 

Wainwright, J. T., An Investigation of the Second Law of Thermodynamics, 
1913. 

Watson, W., General Physics, 1912. 

Veber, H., Die partiellen Differentialgleichungen der mathematischen Physik, 
2 Vols., 1910 and 1912. 


RAILROADS AND RAILROAD ENGINEERING 


Allen, C. F., Field and Office Tables Specially Applicable to Railroads, 1912. 

Allen, G. T,, Tables of Parabolic Curves for the Use of Railway Engineers, 
1898. 

American Railway Master Mechanics’ Association. Locomotive Dictionary, 
ed. 3, 1912. 

Cole, Wm. H., Light Railways at Home and Abroad, 1899. 

Crandall, C. L., and F. A. Barnes, Railroad Construction, 1913. 

Droege, J. A., Freight Terminals and Trains, 1912. 

Fowler, G. L., Forney’s Catechism of the Locomotive, Pt. 1, 3rd Ed. 1911. 
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Master Car Builders’ Association, Car Builders’ Dictionary. 2nd Ed. 1911. 
Railway Signal Association, Railway Signal Dictionary. 2nd Ed. 1911. 
Raper, C. L., Railway Transportation, 1912. 

Sellew, Wm. H., Steel Rails, 1913. 


SANITARY ENGINEERING 


Christian, M., Disinfection and Disinfectants, 1913. 
Hooker, A. H., Chloride of Lime in Sanitation, 1913. 


STEAM ENGINEERING 


Babcock and Wilcox Co., Steam. Ed. 35, 1913. 

D’Este, J., Co., publ., D’Este Steam Engineers Manual, Ed. 2, 1913. 

Grimshaw, R., La Construction d’une Locomotive Moderne, 1907. 

Hirshfeld, C. F., and Wm. N. Barnard, Elements of Heat-power Engineering, 
Ed. 1, 1913. 

Hurst, C., Hints on Steam-engine Design and Construction, 1905. 

Kent, W., Steam Boiler Economy, 1st Ed. Ig1o. 

Keppy, F., Injectors, Ed. 2, 1909. 

King, Wm. R., Steam Engineering, 1913. 

Lyon, F., and A. W. Hings, Marine and Naval Boilers, 1912. 

Martin, H. M., The Design and Construction of Steam Turbines, 1913. 

Pratt, H. K., Boiler Draught, 1911. 

Richardson, A., Evolution of the Parsons Steam Turbine, 1og11. 

Royds, R., The Testing of Motive-power Engines, ror. 

Shealy, E. M., Steam Boilers, Ed. 1, 1912. 

Smith, C. A. M., and A. G. Warren, The New Steam Tables, 1912. 

Stronmeyer, C. E., Marine Boiler Management and Construction, 3rd, 1907. 

Stumpf, J., The Una-Flow Steam-engine, 1912. 

Thomas, C. C., Steam Turbines, Ed. 4, 1910. 

Tully, C. E., Locomotive Slide Valve Setting, 1903. 

Vignier, R. M. de, Model Steam Design, 1911. 

Wilda, H., Steam Turbines, 1912. 

Zahikjanz, G., Theorie, Berechnung und Konstruktion der Dampfturbinen, 


1906. 


TELEGRAPHY AND TELEPHONY 


Gibson, C. R., Wireless Telegraphy and Telephony without Wires, 1914. 
Hoppough, C. I., A Treatise upon Wireless Telegraphy and Telephony, 1912. 
McMeen, S. G., and K. B. Miller, Telephony, 1912. 

McNicol, D., American Telegraph Practice, 1913. 


TIMBER 


Record, S. J., Identification of the Economic Woods of the United States, 
1912. 
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WATER SUPPLY, IRRIGATION, SEWERAGE 


American Public Health Association, Standard Methods for the Examina- 
tion of Water and Sewage, 1912. 

Bellasis, E. S., Punjab Rivers and Works, Ed. 2, 1912. 

Buckley, R. B., Irrigation Pocket Book, 1911. 

Christie, Wm. W., Water, its Purification and Use in the Industries, 1912. 

Fuller, G. W., Sewage Disposal, r1912. 

Goodrich, W. F., Modern Destructor Practice, 1912. 

Newell, F. H., and D. W. Murphy, Principles of Irrigation Engineering, 1913. 

Ogden, H. N., and H. B. Cleveland, Practical Methods of Sewage Disposal 
for Residences, Hotels and Institutions, 1912. 

Raikes, H. P., The Design, Construction and Maintenance of Sewage Disposal 
Works, 1908. 

Schmeitener, R., Clarification of Sewage, I9gI10. 

Schmeitener, R., Grundziige der Mechanischen Abwiasserklarung, 1908. 

Strange, W. L., Indian Storage Reservoirs with Earthen Dams, 1904. 

Taylor, F. N., The Main Drainage of Towns, 1912. 

Thresh, J. C., Examination of Waters and Water Supplies, ed, 1913. 

Willcocks, W., The Irrigation of Mesopotamia, 2 Vols., 1911. 


PUBLICATIONS RECEIVED. 


University of Illinois Bulletin. Water Survey Series No. 10. Chemical 


and Biological Survey of the Waters of Illinois. Report for the year ending 


December 31, 1912. Edward Bartow, Director. 1098 pages, illustrations, 8vo. 
Urbana, University, no date. 

Mellon Institute of Industrial Research and School of Specific Industries, 
Smoke Investigation, Bulletin No. 8. Some engineering phases of Pittsburgh’s 
smoke problem. 193 pages, plates, illustrations, 8vo. Pittsburgh, Pa., Uni- 
versity, IQI4. 

U. S. Commissioner of Education. Report for the year ended June 30, 
1913. Vol II, 700 pages, 8vo. Washington, Government Printing Office, 1914. 

U. S. Coast and Geodetic Survey: Results of observations made at the 
United States Coast and Geodetic Survey Magnetic Observatory near Tucson, 
Arizona, 1911 and 1912, by Daniel L. Hazard, Computer, Division of Terres- 
trial Magnetism. 104 pages, plates, 4to. Washington, Government Printing 
Office, 1914. Results of observations made at the U. S. Coast and Geodetic 
Survey Magnetic Observatory at Vieques, Porto Rico, 1911 and 1912, by 
Daniel L. Hazard, Computer, Division of Terrestrial Magnetism. 102 pages, 
plates, 4to. Washington, Government Printing Office, 1914. 

U. S. Public Health Service, Hygienic Laboratory. Bulletin No. 92. 
Gaseous Impurities in the Air of Railway Tunnels, by Atherton Seidell and 
Philip W. Meserve. 47 pages, 8vo. Washington, Government Printing Office, 
1914. 
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U. S. Department of Agriculture. Bulletin No. 105 (Professional Paper). 
Progress Reports of Experiments in Dust Prevention and Road Preservation, 
1913. 46 pages, 8vo. Washington, Government Printing Office, 1914. 

U. S. Bureau of Mines. Monthly Statement of Coal-mine Fatalities in 
the United States, May and June, 1914, with revised figures for preceding 
months. Compiled by Albert H. Fay. 2 pamphlets, 8vo. Washington, 
Government Printing Office, 1914. 

Pennsylvania Topographic and Geologic Survey. Richard H. Hice, State 
Geologist. Geology of the Broad Top Coal Field, Bedford, Fulton, and 
Huntingdon Counties, by James H. Gardner. Map, 43 x 45 inches, in colors. 
Harrisburg, State Printer, 1914. 


_ A Fine Collection of Meteorites. ANon. (Sci. Amer., cx, No. 
23, 459.)—The American Museum of Natural History, in New 
York, has acquired this collection through the generosity of Mr. J. 
P. Morgan. It comprises the éntire stock of meteorites which be- 
longed to the unique establishment in Washington, known as 
“ Howell’s Microcosm” at the time of Mr. Howell’s death, and in- 
cludes representatives of 54 falls, weighing in the aggregate about 
220 pounds. 


Marble Shades and Reflectors. W. Vorce. (Elektrotechn. 
Zeitschr., xxxv, 199.)—The use of sheets of marble for diffusing 
light is proposed. Very thin sheets, 0.1 to 0.5 mm. thick, have been 
used for this purpose; e.g., cemented to colored glass designs which 
it is desired to illuminate. For ordinary purposes the cost is ex- 
cessive. A process has now been discovered by means of which 
thicker and cheaper plates, 3 to 20 mm. thick, can be used. They 
are first etched on both sides and then soaked in oil at high tem- 
perature and pressure, when they become more transparent than a 
similar plate of milk glass, and have excellent diffusing properties. 
It is expected that this material will prove useful for decorative light 
effects. A series of experiments is described that demonstrates that 
the marble transmits visible light better than the milk glass, but ab- 
sorbs the infra-red rays to a greater degree. 
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CURRENT TOPICS 


Heavy Chemicals in the United States. ANon. (Oil, Paint and 
Drug Reporter, May, 1914.)—The imports of bleaching powder in 
1913 amounted to 30,800 short tons, compared with 37,120 tons in 
1912, 41,450 tons in I9II, 50,500 tons in 1910, 45,700 tons in 1909, and 
56,600 tons in 1908. Imports from England have decreased from 
about 30,000 tons in I9I1I to 22,250 tons in 1913, while Germany 
supplies about 6000 tons annually. The output of American works 
amounts to about 90,000 tons, of which about 30,000 tons are ex- 
ported. The output of caustic soda in 1913 reached about 190,000, 
of which about 20,000 tons were exported. The exports to Canada 
average about 15,000 to 20,000 drums per year. Arsenic was im- 
ported to the amount of 4130 tons in 1910, which dropped to 3340 
tons in 1913. Imports from Europe have practically ceased, the only 
material source of foreign supply being Canada. The output last year 
in the United States was 2375 tons, and in 1912, 3141 tons. 


Recording of Wireless Signals by Means of the Telegraphone. 
P. Dosne. (Comptes Rendus, clviii, 473.)—The recording of wire- 
less signals on a telegraphone wire or plate, as proposed by Simon 
and Reich, has been carried out by the author. A sound reinforcer 
constructed on the principle of that of Berget and Allard has its 
circuit interposed between the crystal detector employed and the 
telegraphone recording electromagnet. 


The Most Powerful Magnet. ANon. (Sci. Amer., cx, No. 23, 
459.)—Probably the strongest electromagnet is produced by the new 
method successfully applied by Profs. Perot and Deslandres. Their 
idea is to take one of the strongest electromagnets of laboratory type 
with pointed pole pieces which already give a high value of the mag- 
netic field, and then to put an extra coil around the air-gap between 
the poles so as to add considerably to the field. Such coil is made of 
thin copper strip and is cooled down as low as — 30° C. by a current 
of oil, so that a remarkably heavy current can be put into the coil 
without burning it; e.g., it will stand a current density of 1800 
amperes per square mm., using a 0.2 mm. strip. Such a coil is put 
on a Weiss electromagnet which carries the usual coils and gives 
41,000 gauss for the magnetic field strength. Putting on the 30,000 
ampere-turns of the new coil brought up the field strength to 51,000 
gauss, and it was only the lack of current supply that prevented 
running as high as probably 60,000 gauss, so that a most powerful 
field can thus be obtained. 
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Longest Rope Railroad. ANon. (Amer. Mach., xl, No. 26. 
1115.)—What is calculated as the longest rope railroad in the world 
is to be operated in India. It is 75 miles in length, and will connect 
the rich country in the vale of Kashmir with the plains of the Punjab 
over the Himalayas. The present longest rope railroad is 22 miles, 
situated in the Argentine. The sections will be five miles long, and 
most of the spans will be 2400 feet. The steel towers, some of which 
will be 100 feet high, will be braced, and double 11% inch cables, 9 feet 
apart, will carry the steel cars. The carrying capacity of these cars 
will be about 400 pounds each. 


The Surface Tension of Soap Films. G. F. C. SEARLE. (Cam- 
bridge Phil. Soc. Proc., xvii, 285.)—This gives an account of some 
methods employed at the Cavendish Laboratory for the measure- 
ment of the surface tension of soap solution. The methods described 
are: (1) The torsion balance method, in which a rectangular frame 
of wire is dipped into a soap solution and the pull of the film is 
measured by the aid of a simple torsion balance. The value of the 
surface tension was found to be 27.22 dynes/cm. by this method. 
(2) The thread method, in which the surface tension is deduced from 
the curvature produced in flexible threads dipped in the solution. 
The surface tension by this apparatus was 27.17 dynes/cm. (3) 
The viscosity potentiometer method, in which the pressure excess 
due to a spherical soap film is measured ; the result of this was 25.19 
dynes/em. (4) The buoyancy method, which depends upon the dif- 
ference of density between cold and hot air at the same pressure. 
By this method the surface tension was found to be 27.07 dynes/cm. 


The Choice of a Trolley Wire. G. H. McKetway. (Electr. Rly. 
Journ., xliii, 647.)—Points out the matters that should be taken 
into consideration in determining the most economical size of trolley 
wire to use in any particular case; the cost of material and labor 
is based on American rates. 


The Greis Smoke Preventing Device. ANON. (Amer. Soc. 
Mech. Engin. Journ., xxxvi, 649.)—The principle of the apparatus 
is that of a secondary air supply, regulated and controlled by the 
opening and closing of the,furnace doors. In connection with the 
use of this device, there is a subsidiary apparatus which produces 
a mixed steam- and water-fog in the flues, smokestack or chimney. 
This causes the soot and dust particles to become saturated with 
moisture, and to fall by their own weight, before they can escape 
into the atmosphere. The process of washing the hot gases flowing 
through the smokestack continues as long as one of the smoke- 
consuming devices on the boilers is in operation. The apparatus 
does not act until the fire-door is opened; this marks the beginning 
of the period when the conditions are particularly favorable to an 
evolution of black smoke. 


Sept., 1914.] CuRRENT TopPIcs. 377 


Aczolling Pole Timber. Anon. (Elect. Rev., xxiv, 85.)—This 
describes the preservation of timber by aczol, which is a mixture 
of metallic ammoniates with an antiseptic acid containing phenols 
and naphthalenes—the essential preservative elements of creosote. 
The compound is claimed to have especially great and enduring pre- 
servative value. Owing to the solubility of cellulose and vasculose 
in aczol, the surface layers of the fibres and tissues of the wood 
treated are coated and cemented together by a combined chemical 
and physical action which yields secondary and perfectly stable 
compounds. As sold, aczol contains 15 to 30 per cent. of reinforced 
phenols and the equivalent of 30 per cent. of copper and zinc salts. 
This concentrated material is estimated to have 150 times the pre- 
servative power actually required to effect sterilization. Hence and 
because the preservative elements are fixed permanently in the aczol- 
cellulose compounds, a very dilute solution may be used. Timber 
to be buried or exposed continuously to weather may be painted 
with a one in five or six solution of aczol in water. Impregnation 
is preferable and must be employed for telegraph poles. Injection 
is by simple immersion for two or three weeks or more rapidly by 
pressure ; cold solution is used. The weight of the timber is hardly 
increased by treatment; the wood is not rendered objectionable 
nor dangerous in any way, but is appreciably strengthened, and 
it can be painted or polished after treatment. By regulating the 
strength of solution used, timber may be made waterproof or flame- 
proof. None of the ingredients of aczol corrodes iron or other 
metals, nor do they reduce the insulating value of wood. 


Resistometric Studies of Some Iron-Nickel Alloys. A. P. 
SCHLEICHER and W. GUERTLER. (Z. Elektrochem., xx, 237.)— 
Wires of three alloys containing respectively nickel 35.25, 30.6, and 
25.2 per cent. were heated in vacuo in an electric furnace, and 
their electrical resistance measured at different temperatures. There 
was a pronounced discontinuity in the temperature-resistivity curve 
at about 420° C. for the 35.25 per cent. alloy, and at 700° C. for 30.6 
per cent. alloy. The 25.2 per cent. alloy in its original condition gave 
abnormally low values, but the resistance became higher with each 
successive heating, until the wire became stabilized, and gave a 
regular curve with a discontinuity at goo® C. The significance of 
these results is discussed in connection with the constitution of the 
alloys and their magnetic properties. 


Illuminating Engineering Society—The Eighth Annual Con- 
vention will be held in Cleveland, Ohio, September 21st to 25th, 
inclusive. Papers will be presented by J. R. Cravath, Herbert E. 
ives, M. Luckiesh, E. J. Brady, and many others. The subjects are 
quite varied and cover all problems of illumination, including the 
physics of the subject. The headquarters of the Society will be at 
The Hollenden Hotel, where reservations may now be made. 
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Durability of High-grade Papers. W. Herzperc. (Papierfab., 
478.)—Hjelmsater exposed a number of papers, both animal-sized 
and rosin-sized, to full sunlight from June to August, and then 
tested the deterioration produced. In all the paper, including even 
the tub-sized hand-made papers, the exposure to light and air pro- 
duced marked deterioration in the resistance to folding, in many 
cases this fell to 5 per cent. of the original value. The sizing 
resistance to ink had disappeared in all cases. The paper be- 
longing to normal class 1, both the animal-sized papers and those 
doubly sized (both animal and rosin sizes), showed only a slight 
darkening in color; the rosin-sized samples were much discolored. 
It was concluded that the deterioration in resistance to folding pro- 
duced by exposure was in some way connected with the destruction 
or decomposition of the sizing. From tests in which papers were 
steeped in solutions of aluminum sulphate, potassium sulphate, and 
aluminum acetate, and then exposed to light, the author concluded 
that the deterioration was brought about by the presence of aluminum 
sulphate; aluminum acetate had no bad effect. Herzberg points out 
that in the tests recorded, those papers which contained only very 
small quantities of aluminum salts proved no more resistant than 
those samples containing comparatively large proportions, so that 
a directly injurious influence of aluminum sulphate cannot be in- 
ferred. The fact that the introduction of a large excess of this salt 
into the paper was found to be injurious does not prove that papers 
containing normal quantities are similarly affected. 


The Clinkering of Coal. O. W. PatMeNnserc. (Mech. Eng., 
xxxiii, 194.)—One of the most troublesome features in the com- 
bustion of coal is due to the production of clinker. This influences 
the rate of combustion and the cost of maintenance, especially where 
automatic stokers are used. A coal may clinker so readily under 
certain conditions that it becomes unfit for use, irrespective of its 
fuel value. It is therefore of the greatest importance to know 
whether a coal will clinker under the conditions for which it is re- 
quired. The determination of the clinkering properties of a coal, 
that is, whether its ash will fuse at a low temperature, has been 
carried out in several ways; and many authorities have considered 
that an analysis of the ash, or determination of the iron in the ash, 
or of the sulphur in the coal, would furnish the information desired. 
To show that there is no relation between the clinkering quality of 
a coal and the sulphur or iron content, the author has made an inde- 
pendent investigation of the problem. Analyses of the ash, to- 
gether with the fusing temperature determinations on a wide range 
of coals, show that no conclusions can be drawn from a chemical 
analysis. It may be noted that some coals have ash of like iron 
contents and variable fusion temperature; others have ash of like 
fusion temperature and variable iron content. It would appear, 
therefore, that there is no relation between the percentage of the 
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various constituents of the ash and the fusing temperature. Hence 
a chemical analysis is of no value for arriving at a judgment as to 
the clinkering quality of a coal. The fusion temperature of the 
ash ought, therefore, in the future to displace the sulphur determina- 
tion in coals used for steaming purposes, and this change will 
readily show the fallacy of buying and selling coal on an analysis 
basis, where specifications are used containing sulphur tables penal- 
izing beyond a certain guaranteed amount of sulphur. It has been 
quite a common practice to place 1.5 per cent. of sulphur as a limit, 
and to penalize the seller as much as 4 cents per ton for every 0.25 
per cent. of sulphur above 1.50 per cent. The injustice of this 
practice is evident, as it often happens that coals with a high sul- 
phur-content are extremely high in heat value, and do not clinker 
readily. Since the sulphur has no appreciable effect upon the metal- 
lic parts of the furnace, it need not be considered in the selection 
of a coal for steaming purposes. To arrive at the value of a 
coal for this purpose it is therefore just as essential to make the 
fusion test of the ash, as it is to make the calorimetric determination. 
If these two determinations are made, an explanation is readily found 
as to why two coals of apparently like proximate analyses give 
entirely different evaporation when fired under like conditions. 


Production of Steel Direct from Ore. E. Humbert and A. 

Hetuec. (Jron and Steel Inst., May, 1914.)—Tests were made with 
Swedish and Brazilian iron ores in a Héroult electric furnace of six 
tons capacity, using coke as fuel. The conclusions reached are: 
that the economic manufacture of steel from ore is practicable ; that 
the product, on account of its comparative freedom from hydrogen, 
nitrogen, and other impurities, is superior, especially in toughness, 
‘to steel obtained by present methods; that the electric furnace em- 
ployed should be of a type permitting violent ebullition of the bath 
without overflowing ; that either charcoal, coke or anthracite may be 
used as fuel; and that anthracite electrodes will probably be most 
economical. 


Demolition of the First Skyscraper. Anon. (Sci. Amer., cx, 
No. 18, 359.) —To make way for a larger structure, there has 
recently been demolished a ten-story tower building at 60 Broadway, 
New York City. The building was erected in 1889 and has been in 
service about 25 years. Naturally the condition of its framework 
was of considerable interest to architects and engineers. The frame 
consisted of cast-iron columns and wrought-iron floor beams. The 
floors were of flat arch terra cotta construction. The framework was 
found in excellent condition, the wrought-iron beams showing a prac- 
tical absence of rust, and the cast-iron columns, with a three-inch 
cast-iron shell around them for fire protection, showing only a few 
localized patches of rust, and heavy rusting only at a few special 
points, 
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Observations on the Burning of Porcelain. R. REINDEL. 
(Spreschsaal, xl, vii, 285.)—-The behavior of an experimental oven 
was studied by the help of Seger cones, a pyrometer, a manometer, 
and the analyses of the oven gases. The readings of the pyrometer 
showed higher temperatures than those indicated by the cones, the 
difference amounting sometimes to 100° C. at the commencement 
of the heat and diminishing at later stages. Temperature curves 
were not regular in their ascent, but dropped at every addition 
of fuel. The draught also varied from 25 to 50 mm. according to 
the condition of the fire. Analyses of the fire gases were conducted 
at cone oga, the point at which they begin to influence the character 
of porcelain. A content of 3 to 5 per cent. of carbon monoxide is 
necessary at this temperature, but at cones 8 or 9, one per cent. 
is sufficient to maintain the reducing character of the oven atmos- 
phere so far as regards porcelain. 


Possible Cause of Explosions in Coal Mines. W. A. D. Rupee. 
(Nature, xcii, 660.)—A cloud of dust suddenly projected against 
an insulated wire may charge it up to such a potential that sparks 
several cm. in length are produced ; the material of the dust does not 
much matter, except as to the sign of the charge. Experiments 
made in Ludlow Pit at Radstock, the observer walking behind a 
train of wagons with a Wulf electrometer provided with a radium- 
tipped collector, yielded potentials of 280 volts; but no sparks were 
observed in the mine. The coal dust in a mine is rarely pure, how- 
ever, laboratory tests showed that coal dust covered with flue dust 
from the boilers would not charge a conductor to a sparking po- 
tential in this way, whilst pure coal dust and pure flue dust did, the 
two charges being of opposite signs. 


New Reagent for Etching Mild Steel. W. RosenHAIN and J. L. 
HauGcuton. (ron and Steel Inst., May, 1914.)—The reagent is 
composed of ferric chloride, 36 gram.; concentrated hydrochloric 
acid, 100 c.c.; cupric chloride, 1 gram.; stannic chloride, 0.5 gr.; 
and water, 1 litre; and it is necessary that the surface of the metal 
to which it is applied be perfectly clean. The reagent deposits a thin 
film of metallic copper. On hardened steels, especially of low and 
moderate carbon contents, the results were similar to those obtained 
with picric acid, etc., but the outlines of the copper films were very 
sharp, especially on martensite; troostite and sorbite were darkened. 
On practically pure carbon steels with the usual pearlite-ferrite 
structure, the effect was the reverse of that obtained by picric acid, 
etc., the pearlite being unaffected. The reagent proved specially 
useful for revealing the distribution of phosphorus in mild steels, 
giving results which compared favorably with those obtained by 
Stead’s method of heat-tinting. In addition to the typical etching 
effect, discolored patches surrounding small black pits were fre- 
quently observed, usually grouped around a slag-enclosure. 
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Atmospheric Pressure at Great Heights. ANon. (Sci. Amer., 
cx, No. 18, 359.)—It is usually supposed that at great heights the 
pressure of the air is almost negligible, but the application of an 
ingenious method indicated by Ramsay gives interesting results. 
He asserts that the green line characteristic of the spectrum of kryp- 
ton remains visible under a pressure of 0.000035 mm. of mercury. 
Now this green line is found in the spectrum of the aurora borealis, 
and it seems to be well established that this exists frequently at 
altitudes between 100 and 200 miles, and even sometimes up to nearly 
s00 miles. But krypton is one of the heaviest gases in our atmos- 
phere. It would seem, therefore, that the density of the air at these 
altitudes is by no means negligible, as whatever the cause may be 
of the presence of krypton there, it could not remain there unless 
the air possessed an appreciable density. 


Core for Babbitt. Anon. (The Metal Ind., xii, No. 6, 252.)— 
In castings of babbitt metal it is often necessary to core out some of 
the parts. A very good core is made of salt and glue. Mix just 
enough glue into the salt to make a stiff paste, which is shaped or 
molded in a core box and allowed to harden. This kind of a core 
can be removed from the casting by soaking it in warm water. 


Gyroscopic and Gyrostatic Action. ANON. (Amer. Mach., xl, 
No. 26, 1128.)—The difference between gyroscopic and gyrostatic 


action is, briefly, this: Action is gyroscopic when precession is quite 
free, or controllable at will; and gyrostatic when the axis of rotation 
is fixed relatively to some large structure. Gyrostatic action is usually 
incidental and undesirable; gyroscopic is the salient feature of the 
gyroscope in its various adaptations. 


Porosity of Iron. W.H. Perkins. (Chem. Soc. Journ., cv, 102.) 
—Perkins repeated and extended Friend’s experiments on the absorp- 
tion of caustic alkalies by iron. Experiments carried out in platinum 
dishes with sodium, potassium, barium, lithium, and ammonium hy- 
droxides show that distinct traces of alkali are retained by iron and 
by*other metals. Their extraction is a slow process of diffusion and 
is not hastened by shaking. 


Water-proofing Concrete. ANon. (Sci. Amer., cx, No. 21, 
425.)—The United States Army engineers have long used the follow- 
ing mixture in water-proofing cement: One part cement, two parts 
sand, three-quarters of one pound of dry powdered alum to each 
cubic foot of sand. Mix dry and add water in which three-quarters of 
one pound of soap has been dissolved to each gallon. This is nearly 
as strong as ordinary cement, and is quite impervious to water, be- 
sides preventing efflorescence. For a wash, a mixture of one pound 
of lye and two pounds of alum in two gallons of water is often used. 
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The Kieselguhr Industry. P. A. Borcx. (Metall. and Chem. 
Engin., xii, 109.) —This article treats of the properties of kieselguhr, 
its occurrence at Lompoc, California, and other places, and its treat- 
ment. Natural blocks can be obtained by sawing the material; 
these blocks are fairly strong, have a high insulating value, 
stand heat and cold well, except as to a slight shrinkage, and 
melt at 1610° C. Light-weight kieselguhr bricks are produced by 
properly burning the material ; they insulate well up to red-heat, but 
shrink at high temperatures, and must be protected against sudden 
changes of temperature. They are recommended as backing for 
more refractory bricks. 


Repeated Use of Lubricating Oil after Filtration. G. F. Fenno. 
(Min. and Eng. World, x\, 835.)—In an installation fitted with a 
Richardson central oiling and filtering system, a high grade mineral 
oil was supplied continuously to the bearings, and, after filtration and 
removal of water, was used over and over again. After 18 months 
the oil was found to have increased somewhat in specific gravity and 
viscosity, owing to admixture with some of the cylinder oil. The 
fresh oil showed a slighter lower coefficient of friction on low-bearing 
pressures, while the friction coefficient of the filtered oil was lower 
on higher-bearing pressures, but the difference was so small as to be 
negligible under working conditions, The saving in cost of oil with 
a plant using two Richardson filters, each taking about 75 gallons 
per hour, is estimated at $2000 per month. 
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